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A. SUMMARY

This interim report is a surmary of the major study
areas by Westinghouse in developing an Advanced Antenna
System, Since the initial meeting and progress report at
Sunnyvale, California in February, effort has been devoted
to several areas of immediate primary interest to the structural
design study. Among these were the selection of the primary
reflector configuration to insure maximum stiffness and the
finalization of the dimensions of the Cassegrain optic system.
Certain aspects of our thinking on the optic system were influenced
by a visit to RCA Victor, Montreal, Canada on March 2, 1961, but
the effects of this meeting are not fully expressed in this report
due to the timing.,

Another ma jor study effort was the development of the
antenné position sensing system which incorporates a L-axls
combined Az-El and Equatorial mount on top of the ground re-
ference tower, The hardware detalls of this system are yet to
be worked out, but 1t shows excellent promise. The systems for
monitoring the primary reflector shape and the position of the

sub-reflector have also been worked out,

Thru analytical work and computer study, a servo drive
system has been evolved which will permit accurate determination
of all aspects involved in demonstrating the feasibility of the

electro magnetic coupling drive asystem,



A=2

Further study effort will be in the direction of
optimizing the drive system and evolving detall specifica-

tions for both Azimuth and Elevation systems,

Considerable effort has been expanded in study of various
methods and arrangements of position sensing and coordinate
conversion equipment which will be consistent with the require-
ments of a digital control system, A tentative functlonal
layout has slso been made of equipment required for signal

processing and instrumentation.

Most Bf the major dasign concepts have heen decided upon
and the remainder of the study program will be devoted to
detalled analysis and optimization of the various system com-
ponents, Certaln aspects of the system will require further
study during Phaso IT and thie will be developed in subsequent

reports.
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I. INITRODUCTION

At the time of writing of this repnort approximately eight weeks of
the total allocated time for Phase I have passed, At this, the mid-point
of the study program, it is necessary to evaluate the progress to date
and anticipate the scope of work which can be completed in the remaining
time period, Primarily the effort to date has been devoted to considering
sizes, locations, and tolerances of the major components of the nicrowave
optics system, In attempting to establish a knowledgeable position from
which to make a detailed, substantiated recommendation it is evident that

much analylical work, partd order effects, will remain
to be completed during Phase 1I; and a well conceived model measurcment
vrogram will be required to verify any postulated design, In fact, a
continuing program in the Cassegrain coptics field will yield several
successive stens of worthwhile major modifications %o the original system,
Time and scope of this remort will not permit reproduction of all the
efforts performed. We have attemnted to discuss those areas belisved to

be particularly pertinent to an evaluation of our progress to this stage,



II., FEED SYSTEM PARAMETERS (D = ‘. F/D =
The choice of the feed system parameters requires compromising a
multitude of factors in order to meet the demands placed upon the feed
system by the specification, The major factors to be considered are gain,
sidelobe levels, structure, alignment accuracy, and operating convenience,
The alignment accuracy requires a maximum rigidity in the feed support
and the Cassegrain mirror support. The requirement for operating convenience
can be translated into one,that the feed and receiver be readily accessible
for maintainance and adjustment. The figure of merit specifiéation
r-quires that the receiver be located as close to the feed as possible,
‘he reqﬁirement iér éhanging feeds in half an hour dicates that the feed
he accessible, have equioment for handling, and a convenient and accessible
storage loecation, In addition, switching from transmit to receive in two
minutes for other modes of operation than the super sensitive listening
mode will require manual access to the feed to make the necessary adjust-
ments, Ag a result of these considerations we feel that the feed should
be located no more than 15 feet from the vertex of the main reflector and
should be located in a broad supnort tower, Microwave optics requires
that the feed approach the focus of the main reflector and gives sufficient
reason for the use of a short feed tower, A longer feed tower will
compromise the receiver and source system accessibility and make difficult
ad justments, maintenance, and fast chanzes. In addition, we suspect that

a longer feed tower may produce mechanical design problems,



The ¢ain and sidelohe specifications place contradictory requirements
upon the illumination pattern of the feed system, To produce high gain
a nearly uniform illumination is required upon the aperture c¢f the main
reflector, The illumination must be low and smoothly tapered at the
cdge of the aperture to reduce the sidelohes which are caused by a rapid
chanze in the illumination across the aperture and by diffraction fronm
the illuminated edge of the main reflector. The uniform illumination of
ihe main reflecter aperture requires a nearly uniform illumination on the
Casserrain mirror with a consequent high edge illumination uvon the mirror.
The hirh edge illumination of the mirror produces large spillover sidelobes
and lorge diffraction sidelobes, Increasing the size of the nirror will
reduce the level of thke snillover sidelobss and the diffraction lobes, A
larger mirror 2lso allows improved conirol of the illumination of the main
refloctor (i.e, hichar efficiency, hicsher zain). As a result, we have
chosen the largest possinle Casszgrain mirror, The size is limited
only by the combined sidelobe levels due to *1llumination taper and the
blocking of the aperture by the mirror,

Saction II1.A gives a detailed consideration of the gain reduction which
Qesults from a parabolic illumination with various edge illumination levels
and {rom the blocking of the aperture by the Cassegrain mirror, A narabolic
illumination of the aparture with an 13 b edge illumination and a 24 foot
diameter reflector ircluding the blocking of the mirror vroduces an

efficiency of -§.8 b, The sidelobe lavels cdue to illumination iaper,

aperture blocking by the Cassegrain mirror, and spillover around the




Cassegrain mirror are considered in Section II.B., The sidelobes due

to diffraction from the edge of the main reflector will be minimized by
making the angle subtended by the Cassegrain mirror at the focal point

of the main reflector lesc than the angle subtended by the main reflector,
The edze diffraction sidelobes from the Cassegrain mirror have not been
considered,

A square horn with a S\ averture and a 20° flare angle has been
selected as a preliminary feed design. Such a feed has the desirable low
noise nronertiss, Detailed study of the soﬁrce system may indicate
modifications to this initial concept which will act to improve performance.

A feed system has been selected using; a 24 foot Cassegrain mirror and
a feed horn whose 5\ aparture is 15 feet from the vertex of the main
reflector, This design will meet the 52 db sidelobe specification for
sidelobes due to illumination taper, arerture blocking by the Cassegrain
mirror, and spillover around the Casseprain mirror, As discussed in
Section IV,A, it is not expected that the sidelobes produced by the
vassegrain nirror support structure will meet the 52 db specification,
“dge diffraction lobes or sidelobes to surface tolerances have not been
considered,

The gain o~ the antenna is considered in detail in 32ction I1.A, and
is found to t£!5%27Ldb. This is rot a final cain ealeulation, The
detailed feed design should increase the gain while consideration of

additional degrading factors may decrease it,



A. GAIN CONSIDERATIONS

The expected gain of the antenna has been determined from the
consideration of several factors which degrade the gain and one which
improves it slightly. The pain of a uniformly illuminated parabolic
antenna that is 240 feet in diameter is 64,9 db,

First consider the efficiency as influenced by the illumination
taper and the apérture blocking by the Cassegrain mirror., Assume that
the illumination is parabolis and that the relative power of the
illuminatiq# at the edge of the aperture is kz. The formula for the
illvmi.natibﬁ, ///’) , a5 a funcgion of the normalized distance from the
axis, r, is the following:

SAer)= /- (1-£)r*

The formula for the efficiency, , is the following:

/J/zrf///a/r/z ] /jc' zr/’ ‘f/%’)/”z']a//f/ |
L zr /e o L2/ 7-Cr-k)rt o

where is the normalired radius of the Cassesrain mirror. The formula

?/ =
for the efficiency 7 after the integration is performed is as follows:

2
=[’%’*’ _ec” 7‘&(/-/5/)0(4]

L ry- - Yl )-n)oc®
[-/(*3’(/()——%2%(/()0( 5(//c)o<]

7



The 14 db edge illumination of the mirror gives k = .2 and the 24 foot

diameter of the mirror giveseKX = .1, so that the efficiency is .866
or -.63 db, The extra edge tapering from the small aperture ongle of
the mirror reduces this efficiency to .33 or -.32 db.

The next factor to be determined is normally called space
~attenuation and is the decrease in the illumination at the edge of the
réflector with respect to the center due to the greater distance of the
edge from the focal point., This factor will be termed space gain here
to maintain a consistent terminclopy and because for the present design
the factor increases the edge illumination., The space zain, Gg, is

given by the following formula:

Gs 3 (fzif;x,)({*;,d")/ //’ - ] //’(j: * )/z

where
/:' = focal length of the main reflector,
;%]( = focal length of the Cassegrain mirror,
C? = a constant in the equation of the Cassegrain mirror
such that
v C?/ = the diameter of the Cassesrain mirror,

\27 = the diameter of the main reflector,
(GC,K = the point where 2 ray intercepts the Cassegrain mirror,
"mc()é,){_)= the voint where the same ray intercepts the main reflector,

The equations for(/(, , )/,) 'md(Xz})’z) are the following:



and

The following [ipure shows the space gain, the illuminatior from the

feed system, and the illuminstion as modified by the space cain,
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The resnltant illumination closely approximates the parabolic

"illumination used to calculate the illumination efficiency. The large
increase in slope at the edge is due to making the subtended angle of
the main reflector slightly more than the subtended angle of the
Cassegrain mirror at the focal point of the main reflector, This reduces
the back lobe and the sidelobes,

Consider the following formula for Gg evaluated at the edge of

the main reflector:

(/- ffa,)
f“f(o//)‘ )(ﬁ)

It is quite apoarent ‘rom this formula that a larger Cassegrain mirror
boosts the illumination near the edge of the reflector, and will allow
a more nearly uniform illumination to be produced by feedhorns of
conventional design. This naturally will improve the aperture efficiency.

The following table presents the gain factors considered here,

Uain Factors
64.9 db Uniformly illuminated aperture gain
- 1.80 db Efficiency due to illumination taper, blocking

by Cassegrain mirror, and snace gain,

- 1,62 db RMS surface error

- .2 db Cassezrain mirror defocusing

- 405 db Horn defocusing

- .3 db Departure of average shape of main reflector from

the ideal parabolic shape.




- .5db Aperture blocking by Cassegrain mirror support
structure
60.4 db Resultant gain

69,9 dbx |  Specified gzain
The RCA loss for a .25 inch iMS surface error has been accepted at face
value pending a detailed study of the surface tolerance problem, It is
hoped that the gain loss from the aperture blocking by the Cassegrain
mirror supvort will be somewhat less than the ,5 db indicated,

Ihese computations show a slightly better performance than that-
specified, This pérformance cannot be guaranteed since a more precise
and exhaustive study of the factors degrading performance is necesasary.

B, PosLIMINARY SIDELOBE CONSIDERATIONS

The design of any antenna system involves in the final analysis
the compromise of a multitude of interrelated parameters, A number of
factors influence basic antenna nroperties of gain and sidelobe levels,
A multitude of cause-effect relationships act as contributing elements
to the general sidelobe levels and cannot generally be treated independently.
Although more detailed work will follow, thus far the major factors con-
sidered include aperture illumination of the antenna, aperture bhlocking
by the Cassegrain reflector, snillover of the primary feed, and main
reflector tolerances,

For purnoses of the initial design it has been assumed that the

antenna radiation pattern can be obtained by considering the illumination
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in the aperture of the antenna, The radiating aperture, with the

coordinate system used, is as shown in the following [igure:

X

Although an exact expression for the illumination of the antenna
aperture would result in a more accurate prediction of the sidelobes,
it is not required at this stage of the analysis. It is possible to obtain
a reasonable estimate of the primary feed size, location and subreflector
configuration required for this apolication by considering a fairly simnle
distribution, It has, therefore, been assumed that the illumination can

be represented by
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SCr) =/ - Cr-£)r*

where

/D

edge illumination with respect to that at the center,

r

k

This distribution does not take advantage of the possibilities
of controlling the slope of the illumination at the edge of the main
reflector by reducing the angle subtended by the submirror with respect
to the main reflector. It will, however, give a reasonable estimate of
the sidelobe level until it is nossible to perform more exact calculations
using measured primary illumination patterns and numerical integrations,
This Adistribution also assumes that the illumination is in-phase over the
aperture and independent of the ancle /& . Phase errors and asymmetries,
in ﬁb , are then treated separately,

Using this type of distribution it is possible to express the

antenna pattern with the approximate expression,
’
g (a) = 27/‘42\/(///”] Jo Car)ror
o

where

\D//\ sin &

\];(d/j = DBessel function of first kind of order zero.
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Substituting for JJ)(K) , integrating the resulting expression and

making use of the relation
,&z; (Zg) - /%a (&)
73 2Cp/

gca) = 2Tar «Ace) #+

/
2
At this point it is convenient to normalize the pattern to unity at

4H=CJ and obtain the pOWer pattern, This gives

Cra) - /a,) 2R (k) (W)
“ 9/0) e T

a good avproximation for the values of./zp(ﬁQ), for arguments greater than

10, is 0T
d

/)ﬂ(a):§/(f') CaS/ —//0+5)7’7/

Substitution of this expression in the normalized vower pattern gives

& ra) - J [c:)5//<_ 5,7' (/ K)J/n(x:;y)

s AL

At this point the value of individual sidelobes is not of particular
interest, +hat is desired is that the envelope of the sidelobes should
remain below a specified value beyond twe deprees, The envelope of this

pattern is given by




b
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The design being considered at this time is the 240 ft, reflector so that

the minimum value of { becomes,

we= GLF L 290’
e-2°

SL TLSXIO (2") # 116510 (ff{_f)

This exvression represents the sidelobe energy Jdue to the main

For this case the sidelobe valus becomes

reflector illumination at two degrees. The envelope of the sidelobes
continues to drop at greater angles, Valuss of the sidelobes for varinus
illuminations are as follows:

Edge Illumination

X : in db in do
1 0 49,6
16 10 5k .2
.1 20 644
L0216 30 70,9

To consider the contribution of the blocking caused by the

Cassegrain reflector:

g 277/ vrcos(P-#)
Gam = aj / S d) & ror dg’
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k Gain/G, ! in ao
1 61.8
316 53.1
.1 5646
L0316 559
0 55.7

Summing the sidelobe levels which result as a consequence of
anerture illumination and the blocking of the aperture by a 24' sub-
reflecLor pgives the following relationship to edge illumination of the

aperture:
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The spillover sidelobe levels for a given feed location and
Cassegrain mirror size depend upon the design of the feed, The following
comnutations will show that a square horn with a 5A aperture and 20°
flare angle will produce adequate sidelobe levels when placed 15 “eet ‘rom
the vertex of the main reflector and used with a 24 foot Cassegrain mirror,

The yain, Gp, of the antenna with parabolic illumination is given

by the followin; formula:
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where .75 is the efficiency of parabolic illumination. The gain, Gy, of
a horn with the aperture, A, is given by the following formul=z:
- 2
Gw = .8/(7Z) 17
A2
where 0,81 is the efficiency of a horn in the TE{y or TEpq modes,
lepresenting the edge illumination by the symbol, Ug, the sidelobe

-

level, SL, is given by the following formula:

s« Ge (57 ) = e (F)(FE)

The anzle subtended by the Cassegrain mirror is 309, From figure 10,10

b, Page 359 of "Hicrowave Antenna Theory and Desipn" by S, Silver it is
estimated that the edge illumination will be 14 db, Fipgure 10,12 b on
Page 361 shows that the illumination in the other vlane will be 15 db,
These experimental patterns are for sectoral hofns; howover, it is felt
that for a preliminary design these values reoresent the results which could
be obtained for circularly polarized hoerns, As a result, the formula for
SL shows that the sidelobe level is 53,6 db which meets the 52 db
specification for sidelobe levels beyond 2° with a little to spare for
neglected factors. It is expected that a more sophisticated feed decign
will easily surpass this performance while providing the optimum
illunination for the main reflector.

The illumination of the aperture which resulis from this feed

design has not been determined,




- 18 -

IIT. CASSSGRAIN REFLECTOR POSITION TOLERANCE

The effects of the position errors of the subreflector on the
performance of the antenna have been determined by the application of
the aperture field method of computing antenna patterns, This technique
uses ray tracing to determine the amplitude and phase of the electromagnetic
field on a plane surface in front of the antenna. An integration of the
£isld over this surface determines the gain pattern of the antenna. The
scalar aporoximation of this integral is sufficiently accurate to determine
the effects of the position errors ol the subreflector,

Appendix I shows the derivation of the formula for the change in path
lensth resulting when the subreflector is displaced perpendicular to the
axis of the main reflector, The derivations are not included for displace-
ment parallel to the axis of the main reflector and for rotation about an
axis through the vertex of the subreflector perpendicular to the axis of
the main reflector since they are very similar to the derivation in Appendix
I,

The following symbols will be used in the formulas for the change in
path length of the rays from the feed to the aperture:

Sgp = displacement of ihe subreflector perpendicular to the axis
of the main reflector

Sx = displacement of the subreflector parallel to the axis of
the main reflector

& = rotation in radians of the subreflector about an axis
through its vertex and perpendicular to the axis of the

main reflector,.
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S = the change in the path length due to the rotation and
both disnlacenments
Ci = diameter of the subreflector
D = diameter of the main reflector
£ = half the focal length of the subreflector
F = focal length of the main reflector
The formula for the shape of the main reflector is:
ﬁfl
X= F = aF

and the formula for the shave of the subreflector is

2
Xt f - 2 2 _
("'a ) JIE =

where:

X
i

the distance along the axis of the main reflector from

the focus

FaV)
i

the distance I'ror the axis of the main reflector

A
i

the ® at which a ray intercepts the subreflector

Q
i

a constant siven by the formula

£ =a +ad/z

The formula for the error in path length is :

a*d R [5r-(f-a)8] cos &
\/2 B2 (Ad/z)?

zaf/P,@sm(%f¢/) _
azryv/ar+ (2a/) €72

at
J;%( ~Segp (XS

[ —
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where:
# is the angle about the main reflector axis measured from the
direction of the displacement 5p and ¢1 5 the axis of rotation
of the subreflector,
The shape of the illumination on the reflector is unknown and may change
during the life of the antenna; however, any tapered illumination will
emphasize the central region of the error curve and thus will act as if
the whole reflector had the error extrapolated from the center, As a

result the formula for the error in path length simplifies to:

<o 4_/2__@5;5/55 ~Gr-a)e] +_BL R sm (BB o 2E-X s,
Fra a

Comparison of the two formulas has shown that a uniform illumination will
have less boresight error and less defocusing than is given by the
aporoximate formula, so the aporoximate formula gives a reasonable upper
bound to the effects of the errors.

Examination of the path length error formula shows that the prointing
error is produced by :5: and & , while the defocusing error is produeed
by Six.

Denote the pointing error by ;é o The formula for the pointing error

is ¢

¢ =.zoo/E/ + 0067 /5/




where:

/5[,”'4‘ = the maximum value of § and it is assumed that the position
where a ray intlercepts the aperture is directly proportion
to the radius where the ray intercepts the subreflector,

The value/%”xof S occurs when R = d/2, )d——O, d, = 7/2 , and

Se and & have the proper relationship of signs., As a result of

substituting for. /5/mﬂx ’ ZQ/ f Z(f'ay/g/ ~ 2/5 /
= m— * —
¢ D /6#& o o ' 7F

With the chosen parameters, d = 24 feet and 2f = 45 feet,

d<.z200/8] +. 0167 /5e]

where 5/6 is measured in feet,

The subreflector has been allowed 1/4 of the total pointing error of
hy .020, namely + .005°, With & and 5/ expressed in degrees the allowed
displacement and rotation is given by !

5/-— .200/8[ +, 955 /Sel £ o005

1r Seis expressed in inches,
/Sk/+t z52/8/ S 063
The mechanical designers can use this equation to balance the position
tolerances,
The gain loss of an antenna due to a circnularly symmetric path length

error, S(R). is given by the formula
2

[ ;/,}qf(@ exp. j K s(R) oA
Go o SR & A
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where:

G = distorted gain, Gg = undistorted gain,Jf6¢)= 11lumination,

A

area of reflector, and k = propagation constant,
from the formula for § it is found that / 2
2 (f-X)Sx z (f-a - (F

The constant part of JTZydrops out in the loss formula leaving the

expression(; \/q A0R) exp (2 g/é’?z(SX)O/A
Go Jb SR

This formula was evaluated for f€)-/  with the result :
S -—/—_./_(A"a/SXL
- B )

Go

o
The formula was also evaluated for J('(’,e)_-; /- (2—’5)2_
2

with the result

G . / _ < fq/sy"
So 7L Vo 4

The result for the uniform aperture illumination Jl(1€ﬂ)='/

will be used since it shows the greatest loss in gain, Tt is realized
that this result will be somewhat pessimistic since the illumination is
high in a region where the aporoximate path length formula over estimates
the path length change,

A loss of .2 db from this factor appears to be reasonable from the
work done by RCA, Conséquently, the allowed displacement along the axis
of the main reflector is .44 inches,

The introduction of more realistic patterns and numerical integration

should relax this tolerance.
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CASSEGRAIN REFIFCTCR SUPPCRT STHUCTURE

Cineiderable atternticn has been glivan to the reductinsn in gain

and tha creation of sidelobes rasulting from the blosking »7 the
r.t. field by the Casseprainr mirror support structure, The initial
crmsideration of this problem was based on the use of gemmetrical
oﬁtics to determine the aperture blocking and the aperiure a4
methad for computing the secondary rattern., Due to the complextdy
of Jetemmining the actual Aiffraction pediern of a truss typs

struuecture it was aszumed that the Mll eclrcumferential widih of a

"3

grraort lep rrovided geometrical ontlics blocking of the r.f, field,

un

izadripod mirror fupport was evaluated te Astermine the hlooking

I3

«Yects, The followine fipure illustrates the shadsw produced by
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The rectanpuelar areas represent the shadow on the aperture by rays
interconted hatween the main reoflector ol a-ortave, The shade arcas
3 b

verenennt the shadow ecast on the aper' ro W rays intercented neiveen

the Cagmeprain mirror and the main reflector,  Thoe smaileat ooasihie
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shadow consists of two strips the width of a supnort leg extending all
the way across the aperture., Any quadripod support whose legs do not
end on the rim of the refiector will cast a larger shadow. This
demonstrates that for a given width leg, the base and the point at
which the leg penetrates the aperture must be as far from the axis of
the antenna as possikble to minimize the area of the shadow cast upon

the aperture,

The following sketch illustrates the symhols used in detemming the
g K

area of the zhadow cast on the aperture by a leg of the quadripod

ripror support:

REFLECToR

Svg Fac

Y= XY ¢F

Foecocus
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T™e width of the shadow projected upcn the aperture, W , is

P 3

given bv the following formula:s

b=l = () E)

where A/ = circumferential width of the support lLeg.

T™e area, 4, of the shadow cast by the support leg upon the aperture

is given by the fatlowing intezral:
2F
A :{‘Wpaéxl + WX,

This integration can be performed to give the followling result:

Az we [ (5)(a~ £ (F9%) + () (2 -

—&§m+%],

This resutt is useful for uniform i1ilumination but gives a pessimistic
result when a tapered iilumination {£ ueed. The 2ffective area, Ag,

of the shadow weights the shadov ar¢a at each poin® by the !lluminmation

ac shown in the following integratinn:
Vo5 (]
- 3 Ay
AF - / Wp[f (3';“‘) ”‘x:o.
I

Xy . . N . .
where f(l-;‘ = the illuwmination of the aperture and it is ascumed

that WP = W when I Xq. To establish 2 familiarity with this

]

elfect it viil be assumad that the averiure illumination {s partiatly

parabolle, that is:

¥

X
£ (i)

2 . - ,
were k° is the edge illumination (power),
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Trhe use of tnis illumination in the integral for A, gives the

fetlowing result:

i

A

3 4
A X )
N/f,/l( ,_) + SoF " --:;/1 ]

The use ¢f the~s formulas requires soms information concerning the

443

width «f the Casseprain mirror support lsgs, 1T vidth o the support
=r will depend upon its !ength, Scome alrmle mechanices! considerations
of sirpie lnadiogs of the suprort strcture snows that the fol!lowing

function for the width shonld be useful:
2 h .
W = o [ = a\[a + ( ) (,L -7 J

whigre o& and N are asonstants and L is the lenpth of the leg, The
constant K has the vatue L 1f the (0218 Vipited by vibmtlen,
the lox is iimited by trensverse vibraticn, and } 1f the lag is limited

by burtiing, Some mechanieal analvsic rerforniced by the microwave section

indicates that the leg would be limited by vibration in the circumferential

direcuion,

The effective area was evaiunated for commlete parabolic illumination

(k = 1) and for uniform islumingtion (k = ) Tor a leg vhose width wus
limited bw vibraticon., The figure on the follow on the following page
shows the offective area as a function of the position, Xy, of the bas_e

ot the leg and the pesition, S, at wh'ch the Leg penetrates the aperture,

o = w865 O (- ()
4___1.] +(/r I)WF[_S‘ /eF’—/)+j%:£(;:frg)(T—
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Tre flgure indicates that @th parabolic illumination the base of the
- support leg should be located from 1.,2F to 1.6F frum the axis of the

main reflector vhile the sverture intercept point should be ,3F to .SF
frem the axis. These distances translate to a range of 72 feet to $6 feet
and one of 18 feet to 30 feet for an anterna with a diameter of 240 feet
and an F/D ratio of .?5. The effective shadow ares will be 70f to 100%

of the minimum shadow area for a leg with the given width. It should

be roted that for uniform illumination, or other types of limitation on
the width of the support legs, the legs should be located even further

frem the axis of the main reflector,

The next consideration is to detemmine the less in pain and the sidelobe

levels preduced b a given shadow. The gain, G , of the antenna is given

by the following formula:

‘ 2
rp 1o Bin $leomp sy 4]

- A
A L2
R RACKV R
1 A
wiere
A = wmvelength
®
“ = TE gine
A .
D = diarmeter of reflector
/ s s
¢’ = sngular position of the elament of ares
ST = normalized radive of the element

.
(/2L +re shadowed illuminetion of the aperture, © and #

are the normal spherical polar coordinates when the O

axis points along the axis of the antenna beam.

AA designates the area of the aperture,
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This formula can be rewrittan in the following forw which makes

the shadcw effsgta exnlicit:

11
/L‘{//T‘ dy :2.71_/&';( Ale e Ty f - \f '/“/A/

by

%77 / //m Foe tje rppoe (fi(f; ¢2 i,ﬁ—/{f ) .

) A ’ ' 2 / 2
[ i) AA - / [ Fin o))" 2A
! As

A/?j

e e £ (ﬂ/ ;‘5') = *he nshadowed patiern and AS desiinotes the

o e shade-,

<

GM , of the hegm on the axis vhich

13 given bv the folleowing fomula

- . ) . . ’ o P g e
o |, AR A A = s f ’/

.

Gpe = X N - 2
/ // /,: ,-'/_/L‘ ¢ (/‘ / %/4 _.__/ //7(;[/ ﬁ /‘/ »_‘.){/ﬂ
AZ

!

Yo n!

Frr uniform i1lumination the equation reduces to the £~1lowing:

é‘ “7 /qﬂ___ '/‘ 1 2
M , .

N

b
AN

B
\\

This is the usual simple formula for the gain of a blocked aperture.

Frp the generzlired parabolic illumirnation the formula for the gain is

o

3 follcws:
~ N
.

e / e Y

Cme— sk
/‘?tlf/

G o= .
7 At Ag [/7’ & /ﬁ,(/-ﬁ/;-/)"J
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here 4 £ is the coffective area of the shadow of a leg and Ag, is &

sindlar affective area defined by the formula:
. X
Ae, = ), | F(re)| 24
J

This effective ares has not been computed or evaluated, but it is
| cbvicus that Ag, = Ap = As « A good pessimistic approximation

| te 6, for camplete parabolic illumination (k = 1) is the following:

)

I z 240 foot Jiameter antenna has parabolic illumination then a leg
vhich results in .2 4b loss in gain can be only 2.2 feet wide, For

univorm 11lumination the lep mast be even narrower,

The relative sidelobe level will be represented by P and is given

b, *he following formula:
e ] 0" , / /:( ) ‘ ;k

/?4 Flag)AA — [A\S Fln ) 2 A | i

Tre blocking sidelobes will be much larger tnan the far vut sidelcbes
of the untlccked aperture, se @ can be rewriticn as folicws for the
generalized parabolic 1lluminatien:

.
“~

4 F(Jt, ¢') e/,u/.;;aa ;\' & j//‘?

“Z8 Ay T A

}:
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The sidelobe will have the shape of a plus. The length of the

amms of the plus will be many times the width ¢f the main beem and
their width will be approximetely that of the mein beam. Their
magnitude ie found from the formula for g by separating the shadow
inte two pieces, each of vhich forms a bar »f the plus. Essentially
each iz formed by half the shadow erea so that in the sidelcbe g

is given by the follewing:

2
7 A | .

7:‘.

| +kK .
a. {/J / &

This is approximately the following:

P& . /A Vo

o oie)r (Aa

Though the complete psrabclic illumlinetion gives a smaller effective
arez for & given support leg, the better efficiency of the unifom
illuminetion causes the sidelche levels due to the surport structure

to be eszsentially Independent of the share of the illuminaticn whenv

the support is near the optimum positicn, Since A, < £V for parabélic
11luminaticn, the sidelobe level due to legs 2.7 feet wide are 28 db,
The three db width of the lobes (major width)} is 10°. The following

sketch 15 a contour plot of the main beam and supnort bleckding side lcbes

47 db conTous

1 . 3 odé CenTo ok
} 0./3 » £4§.
i

34
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The sidelobe levels determined shove will not meet the specification
for the DSIF antenna that the sidelobes beyond 20 be down 52 db fram
the ma‘n bear. In fact, to just meet the 52 éb specification while
ignoring all other sidelcbe contributions the support leg can only be
£.6" wide. Since the lobe must be at least 6 db below 52 db to allow
for other major sidelobe sources the support leg should actually be

only 2.8" wide.

A Cassegrain mirror support structure with legs only three inches
vide 1s obviously not pessible. This geometrical optics approach
demonstrates that the sicdelobes produced by the support structure

will not meet the sidelobe specification for the DSIF antenna.

Pert.ape the gross approximations of the geometrical optics method
produce a false conclusion.To study this possibility the diffraction

of energy {rom the support legs was considered more closely from the
point of view of diffraction theory. The peneral thecretical results
fer diffraction from a cylinder show that the members of a truss
structure which is several weve lengths deep will not signif'icantly
shadow cach other, Neglecting resonance and mul*iple scattering
effects, the effective scattering width of a wide and deep truss should
ba the sum of the widths of the members in a cross section., Consider

the following sketch of the cross section of a truss:

(4o O

O, O %

o O
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The effective blockins width, W, of this truss would be 4 (w, + w/, ) .
Bvaluating this width with the above geometrical optics formulas

shows that the combined width of a large member and a small member

of the truss can only bte .7". We do not believe that a truss with
members this size would setisfy the mechanical requirements of the

Cassegrain mirror support structure,

To make the case even stronger, the blocking width of such smaller

" menbers 1s considerably greater than their physical width,

Obviously, this simplified treatment of the diffraction of the r.f,
field from the Cassegrain mirror support structure is not adeguate

to completely dispose of the problem.

Urtil more rigourous evidence is avallable which shows the opposite

roesult, we believe that the sidelobes produced by the Cassegrain mirrer
support structure will nct meet the 52 db sidelobes berond 2¢ specification
for the DOIF antenna. The best that csn be hoped for is to design a
suppert structure whiick will produce the minimum possible sidelobee,

This will require extensive r.f., analvsis and experiment and ingeniocus
mechanical design, As an alternate, a more realistic specificatiocn should

be set for sidelobes generated by the support structure,

A gubsidiary result of the diffraction theory application to this
nroblem shows that these sidelobes depend on the pelarization of the

r*.f, field and will rise and fall as the polarization changes,
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Some of the diffrsction effects that need closer investigation are
resonances between members and at junctions, the effect of finite .
member lengths, illumination that is not normal to the members,
illumination by spherical or near sphericzl waves, and multiple
reflections., Exact computations fer a complex structure do net seem

to be feasible, but reasonable estimates of the diffraction effects

should be possible.

Orientation

The effect of the Casserrain reflector support structure on the antenns
performance is an important consideration, Jection IV= A ccnsiders the
sidelobe levels and gain loss produced by the support structure both of
which contribute to reducing the effective figure of merit. However,
only the sidelobe positions are significantly influenced by the

orientation of the feed structure.

The sicelobes due to aperture blocking by a tripod will be asymmetric,

and their magnitude w1l vary with the polarization of the received
signal, As a result, the tripod should cause a greater boresight

error than & quadripod and a boresight error that varies with polarircation,
In compenszticn, a itriped might produce less aperture blocking because it

hag three legs instead of four and the sidelobes of the legs are not

superimposed,

In the absence of a camputation of the beresight error due to a tripod
and since the comparative mechanical data available for a tripod and
quadripod indicates a preference for the quadripod, the quadripod seems

to te the best choice,
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Two orientations of the quadripod support are ccnsidersed., The
first locks like an X vhen the antenna is pointed horizontally,

and the other looks like a plus sign.

it is desirabie to be able to listen close to the sun and other
interfering scurces in the ecliptic. The sidelobes due to the
support structure should be oriented so that ther do not pick up

the interfering sources in the ecliptic. The figure on the following
page 15 a plot of the angle between a vertical nlane passing through
the anterma and the ecliptic as a function of the hour angle for

various angles of the elliptic above the herizon.

Since the earth rotates at a constant rate, censtant time perieds

are spent treversing equal hour angles. The result of differentiating
the functional relationship between these anrles combined with the

fact that the sidelobes due to the X position of the support structure
intercert the ecliptic twice (if at all) shows that the X position will
produce more than twice the period of interference than the plus positien

will, As a result, we prefer the plus position for the support structure.

As 3 compensation to the use of the X position it should be noted that
here will be no interference during the winter months; however, there

+vill be excessive pericds of interference in the spring and fall monthe,

48 a by product it should be cbserved that the X ncsition is
preferable for a polar mounted antenna since the sidelcbes crested
by the support structure woutd never intercept the ecliptic and

rick up the interfering sources.




ep /N DEGREES

- 33 -

B, HOUR. ANGLE IN DEGREES
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V. STHEL AS THE MAIN REFLECTOR SURFACE

Jestinghouse has vroposed the use of a steel surface for the sub=
reflector of the DSIF antenna, Since steel has more resistive loss than
the common conductors such as aluminum and copper, the power loss in the
steel should he determined.

Since we have been unable to locate any data concerning the reflection
of electromagnetic energy from steel a value of loss must be computed,
Aprlication of reflection theory shows that the ratio of the reflected

nower to the vower incident on a surface is given by the formula;

~n
FREfLEcTED — [ — 203
L /

INCLOENT

where

it

poOWer,

= dieleectric constant of free space,

il

permeability of free space,

prrmeability of reflecting material,

frequency in radians per second, and

L BRI NN S

= conductivity of reflecting material,
The conductivity of a common steel, SAE 1045, is 4.5 . 106 miles per
meter, The other constants are as follows:

3.85 + 10~12 farads per meter and

n
G

K o

+ =

i
N
N

O
N
=
0

*

A7

As a result,

‘Pngrafcreo

= | — P 0004y = — aooalAdb
P/Nc téEer Ty



where it has been assumed that #tm = 4%

Since steel may not be completely nonmagnetic at 2295 mc perhaps
a larger A4 should be used, The best available magnetic materials
would have 4, < /044 ot 2295 me, As a result,
F’R
P

LNCIQEMNT

EFLECTED

T ] —o00ts = — 20068 ALb,

The effective noise temperature, Z&, of the steel reflector is given

by the following formula,

where the antenna temperature is assumed to be 400° K, Zven if /4%#4
the nolse temperature of the reflector must be less than .60 X,

Since this noise temperature is not prohibitive, steel would be usable
as a reflecting surface, It should be noted, however, that a coating
will be required on the steel for wrotection from corrosion., In addition
this coating should provide for reflection and scattering of incident
thermal energy to reduce heat absorption in the structure and thermal
concentration at the feed point., An cvaluation of possible coatings is
being made, The final coating chosen may increase the skin loss and become

the major determining factor in this contribution to the noise temperature.

T ..M
e

t should be noted that a solid copper antenna would have a noise

e 1w . . .
temperature of .055° K and a solid aluminum antenna would have 3 noise
temperature of .07° K, A perfectly conducting mesh with a 995 reflection

. o .
factor would have a noise temperature of 4 K,
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VI, PROGRAM -0x NiiXT PRICD

Juring the next period the total effo;t in the general area of the
"Microwave Optics System" will divide into three general categories:

a. Substantiated determinations of factors influencing basic
mechanical problems {i.e. particularly factors influencing pointing
accuracy):

1, Tolerances on Cassegrain mirror location (essentially
complete)
2, Tolerance "spliti" between main and Cassegrain reflector

{esscntially complete)

3. Teed location tolerances (partially comnlete)

h, <Cassegrain reflector suppert recommendations (partially
complete)

5. Degradation tolerances duve to increased wind velocity

.. Consideration of effects of drain holes and cracks.

b, Continued specific studies influencing evaluation of postulated
designs:

1. HBvalvation of factors influencing noise temperature (partially
complete)
2. Continued study of factors influencing sidelobe levels
(partially complete)
3. Figure of Merit and Transmit ain Caleulations,
c. wesign Considerations of Source System
the design details of the Source System influence to a very limited

extent the "basic" mechanical designs., For this reason the source feed
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system and the microwave nlumbing arrangement required to satisfy the
spacification requirements have been retained for study during the latter
part of the program, During the next period we will develop in detail

the Source System,
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APPENDIX I - COWSIDERATION OF CASSEGRAIN REFLECTOR

DISPLACEMENT ON POINT ANGLE, PARTICULAR CASE

Derivation of the path length change due to a displacement of the
subreflector parpendicular to the axis of the main reflector.

The following sketch shows a ray between the feed at A and the
aperture, with the original hyperbola drawn dashed, Only a section of

the hyperbola is shown,
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A and E'are the displaced foci of the hyperbela, 8’ is the point
where the ray A 8'cp’ intercepts the hyperbola, < is the point where

i+ intercepts the parabola, and D' is the noint where it intercepts the
aperture, [ is the original position of 8’ . £ is the focus of the
parabola, D is the point where the ray £CD intercepts the aperture,
The length of £CDis given by £CF<P =1 F yhere F is the focal length of

I i ¢
the parabola., OJince the angles 8 cg e, and ey are very small

{1
\LES

[$]

than ,2°), C‘D/:CD, and < 5”'7‘3’5 = c& . The lengths of

A 8" and £ &' are given by A48 = ,'/'/?.20’7‘-«4;)#()1*")})’*1 2>

7/

.
Voo <4

i ~ " [
and £8°= [X* ¢+ (y, 45,7 tEF where X

L]

: ) . Ve . /
are the coordinates of B , and Y, ? 51\, is the Y coordinate of B

The equation of the hyperbola is

('{z'y — (" rgY =
2

td, - 2 2.
: R,= =Y ~+2Z
It can bhe shown that
PN a
- . foa £
2 2, on v = S ¢
V'Xr * )/4 ? z} & * ¢

and that

It is also approximately true that

Z N
1 o

, ey g v Sy

‘ e 7 2 z
iy 4 oy S =k 1 Z o
l/"r,' £ 7 4y / ? e, I X' ¢

)




f and

bf' "X) + (y, +5})’“f§“ = Jas-a)t+r* 7z

/ . . .
The length of the ray A& co! is given by

L F FAE e E T
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and then,

/ ; 4 @ P; )Ar
AB'cp' = 2 F +2 a ~— T
s = <+
_:2??'? 'f//: -

Since Y, = F Gu ¢ , we get

,« 2 R, Sy o= ¢
A8 'cp’ =2 Fr 20— ® Y

* 2 . 2 2
23 (/}"'*;) el
[his completes the derivation of the length of 473 c p’. BSince the lensth

of the wndisturbed rays rrom the feed to the aperture is 2 A+ 2 &

the change in the path lengih, 5', is the following}y

2Q,E} f.,r C-<7'7—- ¢ -

= -— jo—

7./_ 1 - ) Py ' il
(/a-) (# A

4

T

the approximations used in this derivation are very good and cannoct

significantly affect the results,
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POSITION SENSING

Because of the large physical size of the antenna
structure, the severe environment conditions of wind and
temperature and the need for extreme accuracy in pointing
and position indication, the synchros normally coupled to
the moving shafts are suiltable only as "coarse" systems.
Such a system will be included but a "fine" system 1s also
required., The "fine" system 18 to be very accurate. One
of the requirements for it is a stable "ground" reference
from whilch tﬁe antenna rotation about its two axis are to
be measured. Such a reference will be made avallable by
extending a vertical tower above the pintle bearing around
which the antenna structure rotates in azimuth. Surround-
ing the tower will be a wlndshield protecting 1t from ex-
ternal disturbances so that it remalns flxed relative to
the earth, On top of the tower will be located two miniature
units., One of these will be an equatorial mount while the
other unit will be an AZ-EL mount, These two units will be
located at the intersectlon of the two axis of rotation of
the antenna. A model of the dual unit is shown on Photo
No. 1. A simplified arrangement of the functional parts is
shown in Fig. 1. It is to be noted from the photo and from
the figure that axis of the miniature AZ-EL unit may be
made to coincilde with the AZ-EL axls of the antenna. Further-
more, the Hour Angle (HA) and Declination (DEC) axis of the
equatorial unit coincide with the AZ-EL-axis of the
miniature unit. With suitable servo systems the dual minia-~

ture units will be made to follow the AZ-EL motlions of the
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antenna, Therefore, with encoders or position indicating
transudcers, the shaft motions of the min;ature units may
be indicated at a remote location. |

Successful operatlion of the position indicating systems
depends on a stable reference on the antenna. Such a refer;
ence will be available behind the veétex of the antenna and
will consist of a mount which will be supported from the
main structure so as to be free from its distortions. On
this will be located the bore sight telescope to which the
main dish will be aligned. Also, on this structure will pe
mounted an autocollimator and an optical mirror. These will
be aligned with other optical mirrors and autocollimators
on the AZ-EL mount and on the equatorial mount of the monitor
unit respectively., The arrangement is shown in Fig,. 2.

The function of the autoﬁallimator'ia to provide a par-
allel beam of light and direct it toward the mirror, which
reflects 1t back toward the autocollimator. If the return
beam lies precisely along the axis of the forward beam the
voltage output (signal) from the autocollimator is zero
(nulled condition). However, if the beams are not in line -
which 1s the case when the mirror is not at right angles to
the beam of light - an error signal 1s produced which is
proportional to the misalignment. Furthermore, this signal
is phase-sensitive 80 that it may be applied to control
servo motor which in turn rotate the mirror or the auto-
collimator until the beams are precisely in line, The auto-
collimators to be used are of the "twin" type having two

orthogonal light beams so that two servo systems are avallable
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for correcting the position of the mirror in two directions
at right angles to each other,

With a twin autocollimator mounted behind the antenna
and with a mirror on the miniature AZ-EL unit, the ﬁwo;ortho-
gonal light beams (within limitations) will produce error
signals which are applied to the proper servo motors control-
ing the axis of the AZ-EL units. (Refer to Fig. 3.) The
servo motors rotate the mirror until the reflected beams are
precisely in line with the forward beams., Under this condl-
tion the error voltage becomes zero and the servo motors
stop. If now the antenna is moved an amount within the
sensitivity of the autocollimator, the error detection system
will automatically reposition the mirror. The position in-
dicating transducers will automatically transmit 2 cqrrected
AZ-EL position indication to the readout and to the servo
system,

A similar arrangement existe for the miniature equatorial
unit except in thils case the mirror is mounted behind the
antenna while the twin autocollimator 1s mounted on the mini-
ature equatorial unit., With this arrangement, the equatorial
axis are provided with the proper error signals in order to
re-orient the autocollimator and 1ts beam toward the mirror,
If now the antenna 1s moved any amount within the sensitivity
of the autocollimator, an error is produced, This error,
however, is in equatorial coordinates and 1s entirely suit-
able for applying to the servo motors which control motions
in the same coordinates, Therefore, by using a miniature

equatorial unit on top of the tower, the AZ-EL motion of the
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antenna is automatiocally converted into equatorial motion
and the coordinates are transmitted to remote indicators by
means of transducers on the shafts of the equatorial unit,

The accuracy of the position indicating systems depend
entirely on the accuracies of the components. Autocolli-
mators are now available with a basic accuracy'bf i?l second
‘of arc. Some position indicating transmitters have a basic
accuracy approaching + 0.00]1 degrees. These, however, are
not completely adequate, Further study is needed that speed
of response of the mount drive can be made fast enough to
permit fo;lpw;ng the antenna at maximpm velocity without
excessive error, Range of the most sénsitive autocollimator
is + 10 minutes, For initial alignment and in case the
mirrors and autocollimators become qgt—of~phase a "coarse"
synchro sistem will be used. Operation of such a system
will be described later.

Since the coordinates are 'readout' from the axis of
the minlature units, deflections or displacements of the
antenna support structure do not affect pointing acdcuracy.
The flat mirrors used with the autocollimators permit par-
allel displacements between the axis of the antenna and the
axis of the miniature units without any misalignment of the
optical beams. Such displacements do not affect accuracy
of pointing. However, any angular dilsplacements are measured
as errors for which corrections are made by the servo
systems,

High precision angle encoder connected to Azimuth and

Elevation shafts of the instrument mount is proposed to give



c-I-5
a digital indication of antenna position, Such an encoder
is available from Norden Div., United Aircraft Company,
which has a resolution of 0,001° and with auxiliary equip-
ment can provide a B8ix decade binary coded deeimal signal

of shaft pdsition, at speeds up to 100 degrees per second,



)
~
G~

T R s




|

AZIMUTH
AXIS

e

MIRROR
///'“‘“~\/‘ OR

“, AUTOCOLLIMATOR

MI%EOR ‘——\
AUTOCOLLIMATOR
-~ _ ALTITUDE
\\v/‘ AXIS
AZMMUTH
AX1S
| o |
TOWER
FIGURE NO. | i
MINIATURE EQUITORIAL AND ALT- A7 UNIT



«

fNPES

ad
Pomr
z
<1

< HOYYIN

g

S
S UOLYWITICT

LIND

IVIHOLINDI

8-1-D

43N0

1IN
L% - 1Y

— HOLVIWITTI0DCLNY




5Y3UODONI NDILISOd - 3d

SHOLOW OAY¥3S -NS
.STOBWNAS

VNNILINV

dOHYINW

A
L

s e A e ot 2 -

Ml& Y :iﬁUOPD

k- 4

SWv3g 1HOIN

LINN
IVIMCLINDd —

D1ONI S0 d
N :k¢>ua¢u

"OIONE 'SO4
HINWIZY

(3d—INS

/,
R

A\

- s__f -
)
i

NG T

SIVNOIS HONMI ZV - 11V

LINO ZV- 1Y

| ¥OL7vil110001NY

SIVNSIS
HOHY 3

T IVIHCLIND 3

6-1-2

' 2IGNY 'SGd
ZO_HQZDUuO

.!!i,!» i|\|1M

: i
s i

r
i
o

"JIGNI wOQ
319NV "4NOH



C-I-10

B. ALIGNMENT .ND SHAPE MEASUREMENT

INTRODUCTION

A highly directional antenna for optimum performance
depends upon careful adjustment of the phase path. This
is to a degree dependent upon the maintenance of a correct
parabolic reflector surface and accurate knowledge of its
mechanical directional axis,

To do this there must be an alignment system to establish
and verify basic aligning references, This overall system
includes equipments and procedures to provide:

1. Geodetic system coordinate check-out, bench marks,
theodolite piers, etc.
2. GSysten orthogonelity echeokout.
‘3. Boresight telesccpre ulignment and chsckout,
L. AZ-EL axes tower chaeckout.
5. Collimation tower allignment and checkout.
6., A system to monitor Cassegrain Position,
7. A system to monitor the paraboloidal surface.
The context of this report presents methods considered

as feasible to provide certain of the above stated systems,
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ALIGNMENT AND OPTICAL TECHNI.UES

SCOPE

The technioues, equipment and procedures for verifying
the paraboloid of the 240 foot dish are given. The tech-
nigue of establishing the boresicht axis, the Cassegrain
axlis and for referencing these to each other is developed
in the context of this report., The overall DSIF alignment
system is glven in outline form. This report does not
include the method of establishing ground references for
the original erection plan of the supporting structures

or the collimation towers,

REQUIREMENT

The center of the feed horn arperture the Teed horn
directional centerline, the focus of the paraboloidal dish,
the center of curvature of the Cassegrain are colinear and
on the mechanical axis. These are to be positioned and
monitored with respect to the mechenical pointing axis and
to each other. To do this the following must be done or
established,

1. The perabolic surface must be monitored to indicate
conformance with this requirement and to indicate
deviation in surface configuration greater than an
rmis deviation as stated elsewhere, A fixed eBvelope
concept of discrete points representing the dish
configuration are referenced to e«ch other and with

respect to the mechanical axis of the dish.
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A boresight telescope axis parallel to the machanical
axis,

The positioning and centering of the center of curva-
ture of the hypserboloid Cassegrein mirror with respect

to the mechanical axis,

SYSTEM TO INITIALLY ALIGN AND REFERENCE TO THE MECHANICAL

. AP T U N

This 4s shown in Pig. (1).

1.

It will consist of an array of collimated light sources
and 4CC units, The instrument will be mounted on a
specially eonstructed platform which will be aligred
with its axis colinear to that of the AZ-EL axes of
the tower reference, This will be done by autocollima=-
tion to the antenna reference mirror and the aZ-EL axis,
See Pigs. (1) (7).

The unit vill index to selected levels and to
angles within the limits estublished by Fig. 3 and
Fig. (2).

The fixed envelope of the dish will be siailar
to the configuration of Fig, (4). The initial parabolic
shape will be established in accordance with the math-
ematical model of the antenna design, Numbers of light
sources and automatic autocollimation units will be
placed in accordance with the configuration of the
supporting structure members, Distribution will be by
statisticel analysis, The rms 0.25 inches has been

stated elsewhere as the standard Cf deviation.
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Reading of the indexing wmachine will be by ACC
(Automatic-Autocollimation) provide a proportional
signal to be compared with a 'go! or *no go' indication.
Any area of the dish requiring configuration correction
can then be re~read manually to provide adjustment
direction,

The AAC system is shown in Pig., (5).

It is emphasized that an equivalent number of light
sources and autometie autocollimators will be in the dish
and in tie indexing light source machine, |

The second reading to determine the location of the
reference point with resrect to the mechaniceal axis will
come from the light sources mounted at the surface to
the indexing-autocollimetor unit.

In botn cases, physical readout of the objective
target on the AAC can read to 0,001 inch,

The set-up from this unit will in turn provide the
reference installation for the next step of the
requirements.

A boresight telescope axis.

The boresight telescope will be an astronomical
telescope., It will be %punted on an adjustable base
controlled from the refecrence mirrer of the mechanieal
exis of the dish.

This rcfercnce setting to the mechanical axis will
initially be made by sutccollimation. See Fig. (6).

It will be automatically adjusted and capable of being

manually locked in set position.
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A television cumera mounted onto the double view
telescope will provide remoteviewing as needed., Viewing
of the telescope cen be done manually from the telescope
cage,

The initial positioning and centering of the center of
curvature of the hyperbolic reflector.,

A small 1light source on zn adjdstable mount will be
placed onto the boresight platform. This will project
collimated light 1nto an AaC mounted permanently on a
bracket on the Cessegralin., The light source orientation
w1ill be monitored by the Mechanical axls reference
sensing unit (Fig. (6)) which will also orient the
boresight axis,

This wi1ll insure parallelism of these axes. The
AAQ mounted on the Cassegrain will provide a proportional
signal to s recorder to indicate extent of misalignment
present which in turn will send a display signal to be
compared for correctional use as needed. See Fig. (7},

Initial information indicates that accurate initial
rlacement of the hyperbola can be defined to provide
minimum sdjustment., Limits of permissible error are
defined in the section Discussion of systems and notes.'

The svsterm defined in Fig, (7) will provide parallel-
ism of axes of the Cassegsrain to the mechanical axis,
Laterial adjustment will be defined by au telescope to
which the collimated light source for the Cassegrain is
integrally mounted., This same system will be permanently

instslled for monitoring.



C-I-15

The monitoring of the parabolic surface

) The method of monitoring the raradbolic surface is
feasible viith %he eculpments presently avuiluble or
readily develored,

Tor systems crnsidered see *Disucssicn of Consldered
Systens', It can be 'on surisce mounted® or attached to
the non-reflecting side of the dish., Both systems are
explained.

In Fig., (8) the system for 'on surface' monitoring
is shown.

This system cohsists of a special array of light
sources {collimated light) directed at siC units
mounted just at the surface. The light projects into
the AAC's which are at preclse positions selected and
set at the time of establishing the original parabolic
shape. See Figs. (1), (2), (3) and (L),

Upon actuation of coantrol units the light source
projects a collimated beam into the collimator which
impinges upon a central prism., The split bean 1is
then directed upon sensitive light cells. Any difference
in @urrent intensities are compured in an amplifier and
transmitted to an indicator for display. Compurison of

the readings given are overlayed on the basic parabolic
dish shape tpdemarked on a display panel. Limits are
designated and date read for correctional use.

The ancillary scopes mounted to the boresight tele-
scope platform are oriented to the boresight axis in
the same manner us the Cassegrain light source. See Fig.

(6). These units fized to this axis reference 1loox
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through discretaly mounted pentaprisms onto a displace-
ment target mounted and preset at the time of the AAC
alignment, Any radiesl displacement from the reference
mechanical exis and boresight axis is re¢ad, manually,
directly.

These two readings, (1) the signal (angular error)
translated to & displacement parmllel to the mechanical
exis and boresight axes, (2) and the radial displacement
from this mechanical axis, will tren be tabulated (See
Fig. 9) eliminating estimating non-linear error,

It is intended to provide a triangular mounting
sub=-surface to the reflector to provide maximum area
average coverage of deviations., The tripeg mounting
locations to be derived from the geometry of the

supporting structure for meximum efficient area
rerresentation, |

t0ff surface' monitoring system.,
Thesgystem for 'off surfaca' monitoring is as shown in
Fig. (10).

This system will provide essentially the same data
as the 'on surface system', Difficulties are present in
that final structure calculation must provide movement
limits to determine sizes of optic objective lenses
needed. Equipments will be the same in either 'on

surface' or 'off surface' mountings,

The advantages here are in removing the problems of
beam deviation due to air denslty or temperature variations,
However, beanm deviation over 100 ft, based upon a refrac-
tion number of 148 x 10-6 indicates an error of only 2

arc seconds over the maximum monitoring distances,
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Summary.

The methods described are based upon existing

equipments, No major difficulties in providing the

coordinated checks described are expected} w

equipments now available, Errors expected are tabu-

lated below.

Autocollimators 3 sec.,

Pentaprisms 2 sec.

Target readings 1 sec,

Collimator angular readings 15 sec.
21 sec.

The abllity to establish

and maintain coordinated axes

alignment with the machanical

axis 20 sec,

Maximum error in data amplifi-

cation to controls, 5% of

total ranges of 250 sec¢, arc. 13 sec,

Non-linear distance variations 25 sec,

38 sec.

The rms error

3 3

ith

aro,
aré.
arc.
arc.

aro.

arec,

arec,

arec,

are,
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DISCUSSION OF CONSIDERED SYSTEMS

DISCUSSION OF PARABOLOID MONITORING SYSTEM REQUIREMENTS

In conformance with prior evaluations in Westinghousse
study proposal, the objectives of the study effort were
stated to be:

1. Reduction of excessive antenna noise,
2, Increased antenna gain.

3. Increased pointing accuracy.

L. Maximum svstem reliability.

Each of the above four items contain sigme ¢ in the
formula, This is e standard deviation of the surface from
the trus paraboloid. 1In addition Cf"may be usually con-
sidered some constent fraction of the diameter of the dish
or C&éf

By maintaining a true surface with 1/16 wave length
at 2290 Mc a limit is established. This 1limit can be used
to point the direction of effort for a surface sensing system,
SYSTEM LIMITS

To sense a paraboloidal surface with 1/16 N\ at a

frequency of 2290 Me:

. - %OO meters x 39.37 inches - .378" Surface deviation
(6 7 1

metre from truye parabo-
loidal shape.

For preliminary discussion and system determination
the figure of rms ,250" has been arbitrarily selected.
A paraboloid dlameter of D g 240ftis defined by the

dimensions as shown in Pigs. (1) and (2).
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Consideration was given to reading of surface angular
positions from the theoretical center of the Cassegrain
intersected by the principal axis of the dish and from the
vertex,

Selection of a point at 60 ft. from the Cassegrain
show the movement radially from such a line of sight of
1/4, inch would be approximately 1 minute of arc. To read
this angle the system b#tween the Cassegraein and the surface
point would need to be read to an accuracy oft 6 sec. of arc.

To read a second reference which wouldderive displace-
ment from the theoretical paraboloid, the following indicates
the instrument range and accuracy required,

Suppose that an optical instrument were placed on the
vertex of the parabolold, and sighted from there to various
points on the paraboloid surface., A displacement of one of
these points on the surface by 1/L inch parallel to the
axis, requires the instrument to be tilted by a small angls,
which {s & function of the radial distunce from the axis 8o

that point., This is given in the following tablse.

Radius to
Point on Surface Angle of Tilt,
Inches Min., of Arc.
240 3.6
4,80 1.8
720 1.17
1200 0.69

Purthermore, the range of tilt required is shown in

the following table. See Fig. (2) and (3).
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Radius to ! Direction From
Point on Surface -~ Vertex to Point on
Inches Surface
288 50 LO*
576 11° 20¢ £
720 14°
1296 240 10¢

This would indicate that single source, see Figl (3),
sighting along & single path must operate through the range
of 0° to'25° and be able to read to an acouracy better than
30 sec. of arc.

SYSTEMS CONSIDERED

In consideration of various type systems, the following
two gystems have been considered, only in principel,
1. A4n energy system suggested by Dr. Swarup of Stantord,
"IRE Transactions Jan. 61 Phase adjustment of Large
antennas."™ This consists of placing modulated gas discharge
tubes, acting as scatterers, at various ppints on the pars=-
boloidal surface and to monitor the phase path from a signal
generator through the feed at the fomus to'each discharge tube
in turn and back. By means of a second probe, possibly a
dipole situated at the vertex of the paraboloid it 1s possible
to triengulate on deflections., The phase of the modulated
reflected wave produced by the discharge tube is determined
by adding it to a reference C-W wave of large amplitude and
applying the resultant to a receiver sensitive to the
modulating frequency. a null is obtained when the two waves
are in quadrature., The coherent detection system allows

measurement of the phase of the modulated reflection even

when its amplitude is below =130 dhm. The system hag been
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demonstrated using a 10 mw S band signal generator, and no
difficulty was found in detecting the reflection from a
small discharge tube placed 100 ft. away from a 3 x 4 1inch
horn. This indicates use as a surface configuration sensor
for large paraboloids. Westinghouse, Baltimore Plant, 1s
now investigating applicability of this system, which is
considered not fully developed,

2. Dual Frenquency Beam

A system kAs been suggested by Davidson Manufacturing Co.
This system suggests use of a dual frecuency beam with the
interface of the dual frequency beam seen as a lline between
the two phases of light as viewed through the eyepiece,
This requires a dual parallel beam to be directed into
a collimator with the incidence or lack of incidence of the
interface indicating exact axial coindidence. Angular
deviation is indicated by one or the other of the two out
of phase frequencies being sensed instead of the null
interface. The fleld of view of this system has not yst
been defined., Exaot knowlédge of the requirement for a
parallel source or the width of angular divergence to whéch
the nulls may »e aligned is not yet defined, accuracy to
which this may be réad has been stated as to be as low as
0.1"™ of arc. This sensitivity needs be checked against
syatem vibration amplitude and may be too great but if the
unit can perform reliably it will be further pursued as
possibly one leg of a ﬁwo angle checking system to locate
movement within the standard or maximum wariastion from the

true parasbola ,
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3. & system of using & modulated light beam

L.

Monitoring tn%,paraboloidal fixed envelope by modulated light
beam, ‘'his plan considers the feasibility ot dlstance
nmeasurement from a position near the focus to & mirror
located in the reflector surface. 7This employes a light

beam that is pulsed or modulated at a frequency that can be
haundled with routine electronic techniques, ‘the distance

or differential measurement involves the equivalent of a
phase shift deﬁormation; Equipments of these types are
conmercially avallable - know as uveodometers. However, while
these are succesfully used for mapping from long range,

the acouracy obtainable for the dimensions involved in
measurement of the parabola of the antenna of standard equip-

ments is not within the: reyuired limit of¥ 0,257,

RBquipments

ltems mentioned are AAC - Automatic Auto-Collimators. These
are presently available and sizes of aperture (objective
lenses) can be as needed to assure that the light source
will be able to pick up - regardless of windload, deformation,
temperature expansion, gravity, etec,

in the items mentioned as telescopes for aligning the
principle axes of the systems - in some cases theodolite
adaptations will provide the stablillity and acocuracy desired.
Optically, the use of auto-reflection or auto=-collimation,
1s not considered since the present state of the art rules
out usages past L0-60 feet, However, assurance is expressed

that using a separate aligned light source direct into the
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coliimator no distance problems are involved tor this

instulliution,

Hyperbolcid rositional Tolerances - Thegse data can be

estublished to provide a table of limits of pcsitionul

nonitoring tolerances,

A. BRffect of Tilt
It will be assumed throughout that the hypserboloid is
small enough so thut one need consider only the
reflections near the mirror vergex, V. o geometrical
optics approach is used. '

The hyperbolic are in the correct position {(con-

tinuéus line), and tilted by an ungle o< (broken line),‘
is g%own in rig. 1., The reflector is shown tilted

about its vertex V.

>
{
4

_/
L

Fig. 1 Effect of +tilt

‘“he feed horn aperture is lccated aut H, and a virtual
imege is formed at ¥, the focus of the paraboloid, F
and H are conjugate foci of the hyperboloid. when the

mirror 1is tilted, the image ofH in the mirror moves

4
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' = 7 ¢ ok
Note that a clockwise rotation has displuced Fr
downwurds. Example: If theffflerunoe on beam direoc-
tion is 0,02 degrees, and 1r56he quarter of this is
allowed for tilt error, 0,005 degrees, then with a
focal length of 60 feet, F ocan be displaced 0,063 inch
and the maximum permissible tilto< is then 0.063 in/Z2e.
I? ¢ 18 3 feet, for instance, this is 0.05 degrees; if
¢ is 6 feet, it 1s 0.025 degrees,

b. Effect of displacement perpendicular to axis,

This is shown in FPig, 2

’l
il Y, b
a VK 1 e
N F

T o
% '

- 2 e

Pig. 2. Effeet of displacement perpendicular to axis,
Let M amagnification )

=h/c
It oan be seen <from Fig. 2, that for a mirror displace-

ment A , the image moves from F to F', where
- !
res(-R) = A (1-£)

e

e+l
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Where o= (M+41) / (M ~ 1) is the eccentricity.

Note that the virtual image moves in the same direc-
tion as the mirror.

Example: If the tolsrance on beam direction 1is
0.02 degress, andlir we allow one quarter for the tilt
error, viz, 0.00S‘degrees, then with a focal length of
60 feet, ¥ can be displaced by 0.063 inch, and the
hyperboloid by slightly more than this, depanding on
the magnification M, If, for instance, M = 9, then
the mirror may be displaced by 0.071 inch to produce

a beam pointing error of 0.005 degrees,

Self-compensation

'_ If we ,can arrange the hyperboloid suppert in such & way

f
that (in terms of Figs. 1 and 2) an upward displace-

ment alweys goes with a clockwise rotation, then the
two displacements of F are in opposite directions and
opposeé-each otlier, Is it then possible to cancel
them completsely, leaving F undisturbed‘(to the first
order)? That thilis is indeed poséible can be shown as

follows. We requirs:

A (Ti-iéi-) = 2CcH
Referring now ti)ztéf 3, it 1s seen that if the center
of rotation is/at C,

V
— ¥/
N c ?F
i ~ i
N

Fig..B -Self-Qompensation



C=I=26

a distance p behind V, then A = 'Pv‘
.Zlﬁﬁp = - = 2c

=< oL

: M

if the virtual image at F is to stay ﬁhere undisturbed
0.0 p - ZiMC - Z£
it e a— ————
_2ke MO M-l
. = =
It can be shown that this is also the radius of
curvature of the hyperboloid at the vertex, V., Thus
the center of rotation’of the mechanical supporting
structure should be placed at the center of curvature

of the hype}boloid taken at the vertex.

When t >> C,
then P -~ Zc
Examples If the focal length of the paraboloid is

60 feet, then referring to cases 1, 2, 3, on JPL sketch
sheet 2-10-4004, dated 1-13-61 and referring to the

Westinghouse proposal as Csse 4, we obtailn:

Table I,
| Case 1 2 3 I
A (feet) 2L o4 32,6 35.6 L5
d (fest) 9.9 13.3 17.2 2l
¢ (feet) 2425 3.0 3.8 5.2
h (reet) 22,15 29,6 31.8 39.8
p (feet) ,] 5.0 6.7 8.6 12.0
M 9.8 9.9 8.4 7.7
e 1.23 1,23 1.27 1.30

It is seen that p 1s always alightly more thaB

twice o, being about 2-1/L times c.

Thus if case 2
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\
were selected, the hyperboloid supports should be arranged
to 'hinge' about a fixed point on the focal axis, at
a distance p=6.7 feet behind the hyperboloid vertex.
Small rotations about this point should result in only

second-order beam pointing errors.



WESTINGHOUSECQ%Z_(%'ﬁlC CORPORATION

Al AL

MATGD

I~

Coily

i o ke e XL

T Rptans
" HEXUN

ST

Ty

TNF

i
ol

’

i
|
i

"10(!

3

9

)

SRR P

— s

- CURVE NO,

.. DATE _.

SIGNATURFE. .



N H [ i
: ; ! RS i - B R
‘‘‘‘‘ = T N e ST
i i . i Fhs B8
g ‘.h_.wnl.usl T i
RN R ree s
B [

FRECT A
Y ‘eolovdan,

S Bnates

T
Lo
4
[N
:g}._---v.‘? M_.v.‘

CORPORATION

m 3 “M,;“ AR e R el
. : : . ' F ! :
, ; O e e R ” i
) . : - mm ’ ! T '
Z Ll 2 e g B L e
: RIS T T
> - - o : .o | . P ! . ) S
x TR B = ST .ﬂx o R E : 3
o ] i . N A ! M ' ~ “ H i
3} BURRRY . S bR e b
| A b3l | B
N [ i < R B . i -
™~ R . T . m m ot
i | ! s -y : ol
I SO R LRI I < Eiov e ok Rateat RS B :MW
1 ¥ B - + i . + - R ¢
: : q ; i ;! o _ym;. i : !
T ¥ w YT Y N N SRR
A . U S FEU S SO S IR ERRES EERERUEINN SUNRNEURNE b
oH..; ol L S H :
%

2
&k
X

, . 2 ! h w [ Y BN LR m
SR R S edhtie: Bty T
RIEL PR B N — . “ |
2929\ B ! ; i m ; ‘
B B = SRR B P DEID IEEEER EECTS
. + i
. L !

WESTINGHOUSE ELECTRIC

St
FRN SENEEINS o SN
- ;
3

§ i +
” ! ”
i SN -
T Py T »
Yy ST SR L. i
: m . : |
; i b ) I
. : e ¥ I o :
o s B " 2 F i
: S R : 4 i | E i
e L N I . : |-
- i ol + + 3 ; : { ; .
s NN - N - M i
_ ol m : L ; | ! L. -
i o v ) ; , i - ;
SIS DL B e Sl o AL L o
R ” ! : : S B j e
: i ; b. . 1o ! :
. T T M N
- ; v o : ' B
- i i - :
I TV S H - - - - - T
N . ' i : B ‘ :
cLTn : . B | i
| v : . T
‘ ; I ! : ,
AR - : ¥ o ]
. G ; , ;
SRS “ - i i

FORM 1769

. CURVE NO.

DA

SIGNATURE




WESTINGHOUSE ELECTRIC CORPORATION

CURVE NO.

R

i

Ny

r 9is

i

g

L
bl

Edid,

i
P
Be
'
I

| 2ad.

MCE
ACE DR
13

b
1
i

T

-+

Ui

P ool

ArLw| AT e

ESl

FrroM sue

e

He

5 n:a VOO
ta

FORM 1769

.. CURVE NO. -

DATE.

SIGNATURE



*
4
¢
[
t
i
i
!
)
3

B

i
o

1

'

zqutﬁ =

i
i

t
{
i
DAL
s
!
| PEoRAtc s ARRArGEIMERN

Rede

i Spu

i
!
;
i
:
T
;
SEES SRUN LR

f

e e e e e e e e el T D

1

Mo AK Hieomati G

[ROEINS
+

i

H
1

CONTYABG S

totlieteo) on

4

|
}
i
i
{
|
|
4
|
|
1
|
|
i
i
}
|

ot
%)

@ mhc

| el

CURVE NO.

¥ Anc (ol
| Surrace Mowo

CORFIURATION
-

i
3
- - T Ll Cpees . - R
i M ‘ : N
A : ot |
R e R R
8] e { o ! : -
- : o N I IR S0 - Ll
[ | TITTET T lxm - i I
AN S S ¥ s
O e B
RERS T SO : :
= 4 | N il
(&} RPN \w - . ! t : ! M
w ; 1 o : :
: i et
% ' i . ! o
O - . : AP ] 3 _ . . A
T T S T : e - i bl bt -
I M 2 ! :
0 - % : 1 ST
= I i R
F ST | ! HEEE: BEE B S R
” | : _ | Wy ,_ |
M i . : . A
W wl . h s 1 ¢
....... i R Loy M S H +
- ! L S h - . ..1 _ r,. T FS S -
- R e g - - A_ o y A” - - Ll x A W .f |
H . . . N L !
3 - : Lot Ty . | ”w 1
o e ]m .tl)t.» ; - Hltlywlmwg .A-* VDU S A : : T -
1 i o 4 ; B : : H ; i 3
. N | H i ! T ; . M i R B : ~ B A i
e L - 1 b - LRI S N [ o n * 1 i ‘
: : R i ! v : . w ; : ! i
L i . o HE —h { ISR FERRRA. S _ Lod S S S
. 1 s B [ N —_ ! i
- | o i ) 3 ! j ! i [ i :
: b i ; i i P : . ] T ! ! : ; ! s i e
I e LT S B ot e A cor ; T ; TR T
RS T i o ; P . : ! : i ;
U ! M i [ m L*i; . . ; 3 ' ! m . |
N o ‘ i T H i | - | u(!J:.( H [ i - i ! + M
] ST AN S P | | o w : | ! “ ., |
SENEIE S S T o ; S o . - { i - et - -
g R - % i . f : i i : i o
-b -t 1 - ] - i H C4 H
— il — (..Hr BRSNS Ll -— y..Lui - ot 1 b i N e SR - ! - SR .»n||.¢l|~l R A b S 3

FORM 1769

CURVE RO.

. DATE

GNATURE

>

pe

€



1
i
i
{
!
1
1
A

LT T T

C

- 4
{ _‘
t- . 1
i

i

f

i

1

' H

e e e
P f

W

I

| ‘ :
0
.

Sr PA RAT”I Pzzm

ESTINGHOUSE

r ‘t:,f- Q,ﬁ, er’vi,l‘f'h ZEE’A M SP‘iIWén

-
l
!
'r

C-Iw)2

|

.!
a

H H i
! ‘ | ;
!

- ! ;
- : )
r f
r H ! P
| ; r
3 3 N
. . : {
-3 o *‘“"’“‘f
1 : {
. i
i i
+ :
: b
FE = -

Erg/«mu 1‘0 A%«%; f'zﬁﬁ QLMF/H‘AI&'R %

[ 5 {"IC\.MS)'HK{’&_OQ 'f'(‘ a»"‘v e ‘QC&'{‘CJFZ.

m M\-{M{Lz\,
\
Wurmé C,Gv(,f LMS

Sl v ‘Lf E-y

rtik'&

e i v,\i..\ P N R

|
. i

RIS INE -;’5" :

ELECTRIC CORMORATION

|
. ) \+-l() i f&
9 JENO, ) B o,
CURVE No, TUO . Y "[‘fl"'

Q‘C!LLIM ”*P 'f)’gmm 9(451‘%»\ vl o

P

6
t

ColiMATE L
LigHT Savred

‘ &'h'z’ Q“f ‘Lfvm }ﬁiu‘ JZL(S . .
OLY“?_ . N.L\fa; Ltm Q..F\ W”'L ‘C(tm dof MQ v{’(ﬁ (10,8

W!‘qzu.)" €A

Jmu W’wﬁ’ »&LLQ"L& ’{’m{ bty (&PEINMM (‘*'p

SIGNATURE

l'
v

r.ﬁm m:g G-, 4__

X : .
&-’ e' t ¢ 3 B
: : t :
' i h
f ! : : !
- : ! i
L. i ? ; :
: i : i i !
. ) i : ; : ;
; ! : !
i R : ) i
; i i i ? f :
(’ = : F o - : H !
; " 3 ? ! : i, ; E :
s | ! | ; | i ;
- e T e
“ ? i | : ; : : ;
: : "; i | | | b
! i i { ; ! : ) .
i N [ [ e e ! i N e i
: 7 3 1 : ! | : ! ! ‘ '
; ; ! ; ' .
: H ’ i R { ‘ l B o
H ' { ¢ ; ' !
N H 1 '
! ; t ! f ; ;
i - - e i U — - — .. L oy .
! I ! | ( ' : ! !
' + t
| , e l l : | f
i i | E i i
; : i 1 . ! : ! |
,r - e - . M..,}_,,__,‘.,_, ,.4_.“.7-.._ Bl R '> ey l - | ,;.
.‘ . | i i i : | I
{ ' Coy | !
. . |’ | i | y !
| . : | | i P |
DR TS S L S (RS N R S T § . s e H
‘ l ' l ! i ‘ i
S L - ! . S T i
] ‘ ! ‘ i |
. i .
S 1 [ AN SR _,4‘,‘ — e [ 4 - e - .‘.L.,,.A,; O PR SO S L_'_A -

CURVE NOG.

1



~ 1

CURVE. NO.

vVESTiNGHOUSEcﬁT;.(%TjQIC CORPORATION

I

i

—ig

[ S

; Azﬁ%ét;!ﬁ Tie

L
P e L S T

.Mwwaﬁ

)

T

Thes e 3T

-

|

,_r.A
.-
oo

"
T
i

(BDIEATIR

|
b
!
!

NTE O

i
“Mogrer
o [

H
477 M,

Tedal (oibaace

i

CHdekin

S ST
; ;

,Cj'f‘{’ﬁwxuot’pl'}; '

l

i
.

1

LB
i

b o e

JRTLIRERRUY RS

1 '

! i
FORM 1769

CURVE. NO.

_DATE. .. _ . .

SIGNATURE




WESTINGHOUSE ELECTRIC CORPORAT!O +
C=I=34 CURVE NGTT g 1 by v

}EM' I/PGHKALU 'S HD'T CM»S&ﬁmm mygé *‘og
*{ ﬁ‘ECHM”CAL AMM ﬁ‘“ﬁﬁ& S‘: 3@“* axas - l 1

[ l (
‘ 1 ‘ ‘ , j

[T R j ‘...5 - T’o com resl Sec
S T T ST SR RO Fg.e
; . Lo j - . AAc ser d ok CAG SENHCl 15,
| f ' ‘ Aycs AT tou;macww)

" S AND_L + .ooofﬂﬂ:ﬁ

T : A [ Dtsrmccmcw* '

e e g

EEE A B

, ; i i !
' [ . t -
. ) ' !
; . ;
e 1
i .
H :
: i i
i I g A
; | 1 ! i 4
i ; ; ¢ !
N ) | : + :
i :
: i i H :
i L t ) | |
o . } . o -
! i \ ; |
‘ ! 1 ‘z l i
H ; ! :
] ’ ! !
A . H .
| i ' : |
Iy - ;“ '”\'I (I o l‘ '
E , ? " ‘ : j
! s i ! t H H
1 ; : i | ) ' .
: : : R ' : i i
- - - o - - T = 5
i } ; ' : ! ' ; ,
; ; ‘ , L . .
; : ! ' ;
; ! ; i ; :
i t i 4 ! . !
H h ! = [ - ¢ :
; ! : .
i 3 H : i . : N
i : ! ! oL ! i
. ' ‘ ; t i : '#:
} ; | ! ‘ i ; S
! 4 : . 1 PR ! - ! oy
' : : 4 H ; é : , ; ‘
: ' ! ¢ K ; ! : ; : | E bt ;
: ; . i ! i | o B € {
i : , : : s i : . A
H a 1 B l ] v
EURNUS . S L A;Dismat.éhcmf Lt
!

S Teescops

! . , : i : !
A e e () ,‘;‘;ﬁ““‘**“—*%},
e o e ey SNTRDTTO PISAL *’“f
b e TE PORES LGHITL 1,,;4*4“3{:3.._; /*/ PLM' FDRH "1é i
o | Telesre 4 o CTE?ERVE?’& u:'ﬁ(“ ;

ISR AN AESESORNNE AN IS N Y I 3 sLHmwr' BRI

ST N RN R R N PR ) [P T S S A

ol b e RE m’é e ‘,@,.;‘,i, R
o i

2y D | SR | (,,umu
TRH BRI S SR NN SN SN NN SO I -L._,L J_-,‘., A

FORM 1769

SIGNATURE . DATE . L CURVE NG




WESTINGHOUSE ELECTRIC CORPORATION

. C-I-35

T
I ?
» o
. ' l
1o ‘ ' |
; —
| | ‘r : U
i i | . ’ ‘ i .
i ! ; ' ! ‘
; i ( - i
l
! x
: I ;
i r ! .
i !
i ! : i i
| ‘ , : P
! ! ; i ‘
; ] : b [
z R i
! § | H ?’ o
1 t i !
L H '|

. i
: 4

r ' ) .

v H i !

B i . v

!
; :
. H .
' i : i
. A j : P

| . | | ARG
1 N . ’ B
B 1 § ! l i
R . V) . . . ..
i ; i ! g
. i ¢ i
i i L - N
i ! i ! '
: ; : ! :
. ' 1

...... ! : i
;

YM; ¥t Lﬂﬂwtq 'gtf &im JYLJ

{
i
i
[
i
i
l

CURVE NO. r‘f & VSl

T ey
t
i
]

’r -
T s adet
7 e
. Lkt
|

1A Y ke |

. ,' | |
: 1 i;

s h ’
. i

! n .

P : 3 : !

i : , i !

e i i 1 i

. i | )
el b S R .
STy i ! ! : T
T H H : !

N N t .

P ! H { i i
v ‘ l ' : Z
i . ; ' ' i
I | i : !
- . -4 L LA
N 1 !

_ 73'77“‘"

)
S S .,. . e e "_,,.,._,A.‘i,,_,_ —
'

Scd nj - 243 4 )
‘fNZ PO%I“”\W”‘? ’ '

! | , : : : ;

XS IO FOT IR SR R R
G | T 3

1 T R

f ) . A

! | :
s mcamree B ISR R SUUES SN SRR Nt

IR ST S |

f R T A A

| ST RN I S ; EUNESURN SRS N

FORM 17589

SIGNATURE

otowm

B
‘ .
1%

e N re o Tl e
al /

Yevrmapgish

3 (T qu[d' So Uti’.’ﬁ" ‘{v J‘D! < /Aw(fml
Llele Mmlo Cﬁmqlmmc. A Auguﬁ

2. ’MQ; uwm ;

S 3' 5’% NTAVK»,,MS l?.:r “';é!'m(,.
g, ibtﬁckx St ;q,

L A
(j,(.,[\lgvus 'LI:“MGNL | ,
;CP.;T‘F. Q#NH SN

; ‘
o
| Co
| !

| S— e

CHIRVE N



ON

CLECTRIC ZORPORAT!

C-I-36

WESTINGHQOUSE

{
}

CURVE ND.

i
3
l
i

bolou Arig

¥ LT
fe. | &nrEcTion

P

{
Aot

:

t

T i Jelos sl

+
i

- B

e e e 2 s 1:.1!2.[‘.:,.1.!\4?&.!*

T

ks e
: ’PO;’LC'L

.
R AR -:qr-
! 3 -

¢
3
b

b

SR 250

[NOUTIR SRUPEIRPUR

[ e ooy e S GNP

b o .%cu»l'lT.l.lJllf-l mbl‘ln‘a\»

e e U - - - -
. Va . 3 ; t B
' : 2 i3 w o . T -
i e e ..& x o - e _. R .PL
B ] A m e
L , : : : i
P S ey ‘ e ' - m _
R 7% 4 < _ : v ; !
s o I : ' : i
b g -3 0 | m - .
S ' e’ ! M
; lmmw : - r~ . : !
ST T B \M B T - T | = = I
P - ; . | i w 1
& - -+ : : i : : ! Co- - e -
b ‘r,sel.i ! ST NN S U OENN I , i 1 : .
Mﬂvl‘ll q . T nm?:f..:!w."..,ﬁﬂ..i.wa T e _r ..11 T .ru. !..4. i
! . [ i i i . 1
hG TR S o i “ L : - ;
o ! i . { : ¢ . |
- - H - - F) NS RUSETU S - - - - N o PR B e g e = [ B et e 14
- ~ H : . : |
H . . : i t 1
N . . ; : 1 { 1
N - i x . < : _ i i B t -
= —— V ! . , ! i
} . ' i . H . ; s H
- NS S S - - i m JT PR SRS e e PO A d R SRS ENSP— ;
} m 2 . i :
3 “ , @ _. | 4
; ! i [
L | .w 3 yt-iv -
) . ! | ;
" o v b TRV e e T T ST T AT A T T T e DT AT TR e T T T =T
~ yi - R . : - et e
T | B i .
1 4 * i -
2 w - O - : | | !
m e 5 GRS SR ; e i — e e e N FUNUGVUE U P SRS .
. | 1 1
z m ! . i . 4. ;.
\ 4 L , Lo
< ; ; . ‘
= ; : ; ;
b - - R
- , p T m T w
. ; ;
B .- . ; i. 1 = -
. ! 1 3 ) ' : : i 1. |
o] M A [ S EE RS SIS UL LI SRR R S
! ‘- o ; . ! R . ' ; . i i V
: b i ; : P : : f
B o - ; . W B ’ e i h
M . i i . . ' . V.
. i ; ‘ ! : : LTLE ; i w [ppas
- il S - — - o b : T N R R R S s gttt S QPN LIPS Sttt

FoRrm 1269

CURVE NG,

Fa
Y

DATE

SIGNATURE




.....

WESTINGHDLUIS F

o obight soprec. LYY
g S R N A

Tl g i TR
> ‘ — R
' 1
. :] : !
i

r IC CORPCRATION
-1-37 .
CURVE NO

[

i :
; i ! MC .
4 i i ’ B
L 1 fbogif o
! i i .,
T g - [ 3
. ; ) i S
i ; ! i : !
; ! ; : Lo
! ! i | !
: | i : L s
T I
; | ; i : A :
: i ! ! ! +
: : i o
o J = B P
i : ; o l :
: : IS L
i i . )
A i ,a,_* ¢

O Y TR T AR | R N N

hig. 10
i:y{o 2"@4@:‘ 7‘”1,[;;;4;%% - .

] i
i
; P Lo
B S )
: ! ! b b i i f
i ! ! AU ! ' 3
\ . 4 H ' H : !
i , 1 B N i .
! ¢ R : i . i
: { : .
t H n :
: I
' N H
i ; i
; .

| erm——

“"’\
G 3
S R
S
R

._‘_g.q Nat e Am,j:b égg .

f
%

i
v

15

g

i
cedr
b

L )
Pircer Reasim Veops
S S A T B

. ! P it
T I ORI 4

i
R



II.

C-II- 1

REFLECTOR DESIGN

The general arrangement of the elevating structure
is shown on arrangement Dwg, L-4794 and in the photo-
graphs of the model in Section III. Details of the
structural members are now shown, only the envelopes
of the structural parts are depicted,

A. REQUIREMENTS

The deflection requirements of the antenna
surface are such that the deviatlion of the surface
from the paraboloid at any angle of elevation shall
not be more than .25 inches rms. It is also
desirable to have the least deviation in the
middle portions of the surface since the illumina-

v..lon is greater in this area.

The torsional stiffnéas requirements (rota-
tion of one trunnion girder relative to the other)

18 1.0 x 1010 1b/ft./RAD. This requirement is
baéed on the second mode of torsional vibration
about the trunnion axis with the elevation gear

 locked. Statically determinate analysis indicates
| the structure is 504 above this.

A third requirement of the elevating structure
is ease of erection, A minimum amount of false
work shouldrbe required to support the structure
during erection,

A fourth and most important requirement is

that weight be kept to a minimum. Due to the large
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focal length to diameter ratio the penalty of
excess structure welght 1s two-fold since increased
counter welghting is required to balance structure
welght.
ELEVATION STRUCTURE

Initial deslign studies of the elevating struc~
ture indicated that a ring-radial girder type de-
sign would be advantsgeous, "With the advent of
the Ground reference tower, the avallable depth
of the ring and the radlial girders was decreased;
this reduction in depth then required a structural
welght which was greater than the box structure,

An early design concept of the box structure
utilized a double primary girder design - here
again due to space limitations the depth of the
two trunnlon girders on each side was unequal.

This unequal depth of girders introduced variable
deflections on the antenna surface with respect to
elevation angle. The single girder split tower
was conceived which eliminated this problem and
reduced the weight of the elevating structure,

The present design has a square primary girder
system and a series of secondary girders which
carry the load to the primary system, The trunnion
shaft 1s located at the midspan of the trunnion
girders, This shaft is supported by two hydro-
static pad bearings., The thrust loads are carried
from the chords of the secondary structure to the

trunnion shaft by compression and tension membems,
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The design criteria of these members must be based
on the combined spring constant of the azimuth
structure and the elevating structure, The pre-
sent analysls of reflector surface deflections is
confined to two angles of elevation - 0° and 90°
and 1s further limited to dead weight loads only.
Preliminary analysis assuﬁing statically determinate
. systems indicate the maximum deflection of the
primary girders to be .270 inch. On the basis
of the statically determinate analysis the primary
and secondary girders were sized and a matrix
analysis of half of the antenna structure is in
progress. . The matrix analysils presently being
used is a 25 x 25 matrix of the secondary system
and is based on beam theory rather than structural
theory, The deflectlons obtained from beam theory
are assumed to be 2/3 the deflections which would
be obtalned using truss theory. This analysis is
being made with the antenna at the 90° position
with only dead loads applied. The present matrix
analysis is considered to yleld only qualitative
results with respect to the deflection and load
distribution of the secondary and primary system,
It 1s expected that the results of this analysis
will lead to a final truss design,

The final matrix analysis will consist of a
36 x 36 matrix which will consider both the primary

and secondary structure. The completion of this
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analysis shoyld give realistic values of the

| déflections of the elevating structure.

Preliminary work done with the antenna at the
0° position indicates that the deflections will
be much less than at the 90° position. This
analysis will not be fully considered until the
25 x 25 matrix solution 1s completed.
€ASSEGRAIN SUPPORT

The design of the Cassegraln support 1s dictated
primarily, by the allowable deflections of the

sub reflector, R~F considerations of the support
and resonant frequency requirements of the
Cassegrain supports. Optical analysis of the sub-

reflector show that the error 1n pointing can be

. held to a minimum if the error due.to angylar'. .

rotatidn 1s counter-acted by the error due to
lateral displacement. Thus the support system
should be designed so that there is an equivalent
fixed point of rotation for the sub-reflector.
Ontical analysis shows this point to be behind
the sub-reflector at a distance of approximately
2-1/4 times the depth of the sub reflector.
Present deslign studles are based on two con-
figurations a quadruped with straight legs and
a crossed parabolic arch.
At this time no definite conclusions have
been reached as to which conilguration would be

most satlsfactory. Major problem in thils area,
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presently, 1s the lateral resonant frequency of
the supports,
ANTENNA SURPACE

The design concept of the antenna surface
must conslder welght, wind, thermal deflections,
minimum weight and ease of fabr}cation. Two basic
concepts are belng investigated; The first 18 to
restraln each panel at 1ts boundaries and allow
thermal expansion to take place as buckling with-
in the panels. The second concept 1s to allow
free thermal expansion of the panels and utilize
expansion joints at the boundaries. 1In either
concept both mild steel and aluminum 1s being
considered. An assigned weight of 15 1/ft.2 has
been allowed for the surface but it presently

appears that the second concept of allowing free

© expansion with expansion Joints at the boundaries

will be well below this figure.

A heat reflective, protective paint will be
necessary to limit temperature differentials and
to provide corroslion protection. Two paint
systems have been selected and evaluation studies
are presently being made.

The palnt systems have the same preparation,
l.e., a sandblast, wash primer and zinc chromate
in alkyd vehicle primer,

The finish coat differs in that one system

uses a titanium dioxlde latex water base. The
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second system would use & titanium dloxide alkyd
paint. Evaluation studles are presently being
made on the two systems, preliminary work indicates
that the water base palnt 1s preferable since 1t
1s flatter, would not become as brittle with time
and will not discolor as much with time,



III. SUPPORT STRUCTURE

Pointing accuracy requirements of the antenna dictate
a support structure designed primarily for stiffness and
smooth rotation about 1ts axes. Vibratory characteristics
of the structure and lts components must be such that no
resonanceg can occur which will impair the accuracy of the
antenna. The criteria established 18 that all modes of
vibration shall be 3 cps or above,.

The general arrangement of the mount support structure
1s shown an arrangement drawing. L-4794 and in the photo-
.graphs of the model. Structural members are not shown in
detall, rather the space envelopes encompassing the struc-
tural steel truss framework are indicated., Initial studies
show that the mount strueture can readlily meet all require-
ments for strength, stiffness and vibrational characteristics.
Design requirements have been established and design studies
are CurPQQRlX beling conducted to determine best configura-
tion of structural members.

The mount 1is essentlally an integral structural frame
carrying all of the weight and loads of the rotating parts
to the foundation. PFour equally spaced bearing points sup-
port the mount from the fixed azimuth bearing. A central
pintle bearing positions the mount and carries any lateral
loads on the antenna. The elevating parts are carried by

trunnion bearings mounted on towers on the mount structure.
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The azimuth bearing points are located in line with the
trunnion bearings to achleve maximum stiffness of the
towers., Also, an integral part of the mount structure 1s
a windshield which completely encircles the ground refer-
ence tower, and supports the R-F equipment room. Mounted
on and rotating with the mount structure are azimuth and
elevation ‘drive units and the bearing lubrication systems,

A. LOADS AND MOMENTS

The loads and moments acting on the structure
result from statlc weights, acceleratlion forces,
and wind pressure forces, Fig. 1 summarizes the
calculated values of the weight loads, antennsa
inertias, and moments due to acceleration. Wind
loads are given in a following sectlon.

The magnitude and direction of the loads act-
ing on the trunnlion, pintle and azimuth bearings

are given on Figs. 2, 3, and 4,
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Wind Porces

The wind forces acting on the antenna have been
calculated considering the geometry of the structure
and assumed alr flow characteristics. 1In addition,
data from wind tunnel tests of a model of a similar
antenna conducted by Massachusetts Institute of
Technology (MIT Wind Tupﬁél Report 993) was converted
to forces and moments acting on the 240 foot )
antenna under conslderation. The wind tunnel data
is used as an order of magnitude check on the cal-
culated values as well as giving a more complete
qualitative picture of the variation of forces and
moments over the complete range of azimuth and eleva-
tion angles. The wind tunnel data cannot be used
directly because the model tested had a different
F/d ratio and different supporting structure. It
is felt that the maximum alr forces from the wind
tunnel tests should not differ greatly from those
acting on this antenna. The moments, however, may
differ considerébly due to differences in location
of the azimuth and elevation axes with respect to
the dish and structure.

The following table gives the calculated values
of maximum wind forces and moments acting on the
antenna. The calculations are based on a velocity
gradient varying approximately with the 1/7 power
of helght from the specified velocity at 50 feet
elevation, and on a velocity pressure from the ASCE

formula, p = .0033V2,
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(1)

(2) (3) (%)

MElevat. MAzimuth

Psg: #-Ft #-Ft.

wind Vel. 5 Wind (Pitchin (Yawing
MPH #/Pt Force-# Moment Moment )
30 2.9 175 000 2.9 x 106 2.5 x 105
45 6.6 395 000 6.8 x 102 5.7 x 106
60 11.7 702 000 11.7 x 106  10.0 x 10°
70 16.0 960 000 16.0 x 10° 13.7 x 10®
120 46.7

(1) wind pressure due to specified velocity at
50 ft. above the ground,

(2) wWind force on 240 ft, diameter dish with
center 130 ft, above ground level.

(3) Moment with dish perpendicular to wind and
26° from zenith position,

(4) Moment with dish in vertical direction and
wind at an angle of 6U4° from paraboloid exis.

The following four curves give values of drag,
1ift, side force, and yawing moment based on the

wind tunnel data, It 1s seen on Curve 1 that the

maximum value of drag force at 70 mph 855,000 pounds,

compares well with the calculated value of

960,000 pounds given in column 2 of the previous
table, The maximum yawing moment on Curve 4,
20,000,000 ft. 1lbs., is considered high for the 240'
antenna since the model had less structure back of
the azimuth axis to assist in balancing the wind

moment. The calculated value of yawing moment at

70 mph is 13,700,000 ft. 1bs.
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VIBRATORY CHARACTERISTICS OF MOUNT

The principle modes of vibration of the antenna
and supporting structure are shown on Figs. 5 and 6.

In all modes the resonant frequency must be above 3 cps.
Table 1 on Fig. 5 gives & natural frequency in the
vertical direction of 5.8 cps. In this case the mount
cross sections are dictated by the torsional and bend-
ing spring constant and are more than adequate for ver-
tical deflection., Table 2 shows that an average cross
section moment of inertia of 40 x 106 1n.u 18 necessary
to obtain the required bending spring constant consider-
ing the influence of the mass of the mount.

Table 3 gives a required shear cross section of
650 in.2 at an average radius of 70 ft, to exceed the
torsional spring constant corresponding to 3 cps vibra-
tion with the base fixed,

In Table 4 the torsional frequency considering the
gear drive is shown. In this case the natural frequency
is 3.5 cps.

Tables 5, 6 and 7 on Figure 6 give natural fre-
quencles for torsional vibratlion about the trunnion axis
considering the elevating drive in three different

conditions,
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C. BEARINGS

Hydrostatic pad type bearings will be used in the

following locations on the mount structure:

1. Trunnion Journal bearings

2. Trunnion thrust bearings

3. Pintle guide bearings

4. Azimuth thrust bearing

- In all cases the hydrostatic\bearing oil films will

proQide étructure support whether the antenna is in
motion or not. The friction coefficient for this type
of bearing 1s extremely low; therefore, there 1s little
resistance to antenna motion, leading to smooth tran-
sition from no motion to motion and with speed changes,
The hydrostatic bearlng has a load adjusting characteris-
tic in that an increase in load causes a decrease in
film thickness which in turn increases the load carry-
ing capacity of the bearing. Thus, the o0il film thick-
ness at the bearing pads will adjust to carry load
variations resulting from changes in antenna position,
acceleration forces, and wind forces,

Although the bearing pads will carry the loads im-
posed upon them, load equalization i1s obtained from de-
flection of the supporting structure. The structure is
designed to have spring constants which will satisfy
the requirement that the lowest natural frequency be
no less than 3 cps; however, these structural spring
constants are many times lower than the oll film spring

constants, The structure deflection, therefore, will
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tend to equalize loads on the pads.

Each of the two trunnion journal bearings is pro-
vided with four hydrostatic bearing pads mounted in
pairs at 459 from the vertical as shown on Fig. 7. A
double acting trunnion thrust bearing 1s located at each
mount to carry any side loads on the trunnions., Each
thrust bearing consists of four pads - two acting in
each direction,

The pintle gﬁide bearing shown on Fig. 8 consists
of multiple pads equally spaced around the pintle ring.
They are designed to carry the maximum possible wind
loading combined with maximum acceleration forces, All
pads are manually adjusted to align the antenna to the
pintle Journal and to obtain equal oil film thickness
under static conditions,

The azimuth thrust bearing which supports the entire
rotating structure consists of four pairs of pads
located 90° apart on load equalizing rockers. The ar-
rangement of the pads and load equalizing rocker is shown
on Fig. 9, The load adjustment between rockers will be
a bullt-in characteristic due to the relative flexibility
of the mount, The runner ring and concrete foundation
ring are designed to minimize the deflection of the
runner, yet to meet the minimum load capacity of the
ground, 2000 lbs/ft.z. The runner ring and concrete
foundation ring are designed to uniformly distribute the
load over the entire concrete ring ground bearing area

by making the load distribution on elastic foundation
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spread from one bearing over an 180° arc. Two pads on
each rocker serve to reduce load concentration and dis-
tribute the antenna loading more evenly on the foundation.
Initially, the load on the bearings will be adjusted
manually for the static condition by equalizing the hy-
drostatic bearing pressure on all pads carrying the same !
load. During the dynamic condition the load distribu-
tion between bearings willl depend on the vertical and
bending spring constants of the mount, the vertical
spring constant beilng 6 x 105 1bs/in. per mount, the
bending spring constant being 2.05 x 106 lbs/inch per
mount. The hydrostatic oil film spring constant will
vary as & function of film thickness and diameter of oil
supply tube or orifice. When carrying full load, the
01l film thickness will be approximately .003 inch.
The structure vertic#l deflection will be about .28 inch
and the bending deflection will be about .83 inch.
From the above deflection comparison it is evident
that the higher relative flexibility of the mounts will
tend to distribute the bad between respective bearings.
Load distribution between each pair of pads for
the azimuth thrust bearing i1s done by the rocker which
carries the thrust element, Four such thrust elements

are attached to the mount structure. Thelr effective

spring constant will be equal to the structure vertical

spring constant divided by four which gives a spring

constant of 3 x 106 1b/in, The static load per thrust
element is 1.6 x 106 lbs. and the deflection will be
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about .53 inch,

With an o1l film thickness of .005 inch, it 1is
evident that the static load distribution between pads
will be equalized due to the flexibility of the pad
supporting system. The 200 ft. bearing dlameter was
chosen to have a safety factor of 2,5 against overturn-
ing of}Ehe antenna with a 70 mph'wind or with a 120 mph

wind with the reflector pointing at zenith.
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GROUND REFERENCE TOWER

The ground reference tower is intended to provide
a stable reference 1ocat}on free of lateral or angular
deflection at the intersection of the azimuth and
elevation axes of the antenna. In order to assure
that the antenna supporting structure does not disturb
the reference location, the tower 1s completely inde-
pendent of the support structure. Shielding is pro-
vided around the tower to prevénﬁ distortion from wind
loads and differential thermal exparision, |

In preliminary design form the tower consists of
a fabricated steel cone 15 ft, diameter at the base
and U4 ft. diameter at the top. The wall thickness
varies from 1/2 inch at the base to 1/8 inch at the top.
Analysis of this design considering the instrumentation
at the top to weigh 800 pounds gives a natural frequency
of 4 eps. Further calculations will optimize the de-
slgn., Effects of the foundation on the stability of

the reference location are presently being studied.
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*7  DRIVE GEARING

The basic problem in the design of gears to drive the
antenna in aximuth and elevation are:

A. Load capabllity for driving the antenna at the
required acceleration; including inertia, frictlon
and wind loads up to 70 miles per hour,

Power in the design of azimuth gearing is based on:
1. Drive to stow in 70 MPH wind

2, Maximum on drive g 13.7 x 106 1b. ft.

3, Maximum accel. at 19/sec? = 22.6 x 106 1b. rt,
L. Maximum tracking in 60 MPH wind

Drive load 10 x 105 1v. rt.
Acoel, 0.20/sec? L.h x 108 1b, ft.
6

1.4 x 10° 1b. rt.

§. Max. azimuth drive in 60 MPH wind 10 x 10° 1b.rt.
Accel, 0.50/sec? 11 x 108 1v.7t.

21 x 106 1b.rt,

Power in the design of elavation gearing 1s based on:

1, Drive to stow in 70 MPH wind

T on drive 16 x 106 1b. rt.
2, Max. accel. at 1°/sec? 9.2 x 106 1b, rt,
3, Max. tracking in 60 MPH wind

Drive 11.8 x 10° 1v, rt.

Acoel, .012°/sea? 1,8 x 106 1b, rt.

13.6 x 106 1b. rt,



L. Max. elevation drive (60 MPH wind) 11.8 x 10% 1bv. rt.
Acoel. (0.5°/sec?) 4.6 x 106 1b, rt,

16.4 x 108 1. rt,

The elevation gearing must then have 78% of the power
required for the azimuth drive,

B, Forward and reverse rotation with equal drive power and
control,

C. Speed control from 0°/sec to 0.5%/sec.

D. The rotating elements must have high torque capacity,
adequate torsional stiffness for minimum deflections

and a high spring rate while at the same time have

low inertia to produce the required accelerations,

E. Backlash must be eliminated in the azimuth and eleva-
tion gearing in both direotions of rotation.

P. Constan§{ mesh oconditions must be maintained in spite
of differential expansions between the azimuth main
gear support and its pinions,

G, Power distribution around the antenna base to minimize
distortion.

H. Bearing mountings must be rigid to eliminate clearance
contriduting to motion due to lash,

Solutions to the above problems were developed in a
configuration providing bias torque as shown in Pig, 1.
Rach of eight (8) units on the azimuth gearing eontains
two separate counter rotating drives providing opposite
direotions of torque facilitating speed control and enti-
backlash, On a gear diameter of 190 feet 16 pinions are
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arranged similar to bevel gears, Each gear and pinion
tooth ﬁapérs epproximetely ,0005 inches per inch of
length, giving full face contact. The pinions are very
nearly spur gears due to a cone radius of 1140 inches,
This type of gear eliminates any variation of mesh b
position since radial expanslon is limited to the gear‘;p
tooth axis,

The arrangement for one half 6f a gear unit is
shown in Plg. 2. Aall pinions and gears are supported
on both ends by anti-friction bearings. The pinion
teeth are covered, except directly over the rack teeth,
A seal is provided between the first pinions and the
second gear, providing a total enclosure for the remain-
ind gear train,

The entire assembly consists of only three rotating
masses excluding a tashometer drive running at 3000 RPM
at the end of the inﬁét pinions,

The total ratioc of the antenna 1s 7200 to 1. RPM
of the coupiing output is 600, reducing to .083 RPM at
the antenna,

Gear data showing ratios, dlameters, length of faoce,
RPM, pressure angle and number of teeth are shown in Fig. 3.

“Bupport for the gear case is provided by a deep webd
arranged tangentially in reference to the azimuth main
gear., Driving forces are teken half way between the pinion
vearings, almost directly in line with-the pinion shaft to

minimize deflection Whder power.



The elevation gears shown in Fig. L are the same
general arrangement as the azimuth drives except the
main pinion size is based on a segment redius of 75
fest, Sii units oonsistiﬁg of 12 separate gear drives
are located on two segments, Each gear case is rigidly
mbﬁnted in a spur type arrangement sinee radial expansions
of the segment and the support structure are the same,
Gear capacity is designed as shown in Figs. 5 through
16,
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I SERVO AND DRIVE SYSTEM

A funoctional block diagrem of the Serve System in
aocordgnce with our present oconcept is shown in Drawing
825-D=919,

The Azimuth Drive is provided‘by sixteen and the
Blevation Drive by twleve Type WCS-215 electromegnetic
ocouplings, One half of this number of couplings will
provide rotation in one direction and the other half
will provide rotation in the opposite direction ébout each
axis in order tb wliminate backlash in the gearing and pro-
vide continuous control at zero velocity. The coupling
will be modified to have a dry air gap and arranged for
closed eirculating oil sooling to achieve high rellabillity.
This coupling has & maximum torque rating of 1120 1lbs.
feet and an inertia of 1.0 ob. ft., sec?, These are
standard design values and design modifications are being
considered to improve the torque squared to inertia ratio
and minimize the power dissipation. Because of the:.time
faoctor, it was essential to proceed with the study on the
basis of the standard design.

The torque=-slip characteristic of the coupling 1is
shown in Pigure (l). It 18 desirable to minimize the
maximum slip to limit power dissipation and still provide
very nearly maximum torque over the desired operating

range of 0-0.259/second, It was felt that a 50 percent
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reduction in maximum torqﬁé would be permissible at O;5°/
second as a compromise between veloclty range and maximum
s8lip, It should be noted that full reverse torque is still

avallable from the opposite coupling in each drive unit,
It is also desirable to drive the coupling directly

from an a~-¢ motor supplied with 60 eycle/second power.

As shown in Figure (1), the use of a motor having a
synchronous speed of 720 rpmm and a gear ratio of 7200:1
between the oouplihg and the associated antenna axis would
achlieve these objectives, On the basis of using a 100 hp,
720 rpm, CS-776, driving motor, a preliminary sfudy has
shown that with this seleotion the motor characteristios
will have a negligible effect on drive performance,

The maximum torque available to drive the antenna
about the azimuth aXis at 0,250/second in either direction
s 60 x 10% 1b, ft. The totel inertia of the antenna
including the drive about the azimuth axis is 23 x 108
1b. ft. second? so that a torque of 40 x 10° 1b. ft. is
required to produce the maximum permissible angular
acosleration of 1.0°/aeo,24about thgt axis. The maximum
wind torque at a wind velocity of 60 mph has been calcu~-
lated to be 20 x 106 1b. rt. without aerodynemic compensation.
With compensation, Fﬁis can be reduced by at least 50 per
cent, Using hydrostatio bearings, the friction torque is

negligibles.
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The maximum torque available to drive the antenna
about the elevation axis at 0.2S°/becond in either direction

18 45 x 106 1b, ft., The total inertia of the antenns, include

ing the drive, about the elevation axis 1s 12 x 108 1b, r't,

02 8o that a torque of 21 x 106 1b, ft. i3 required to

se
produce the maximum angular acceleration of 1°/uec.2 about
that axis, The maximum wind torque at a wind velocity of

60 mph has been calculated to be 23 x 106

lb, ft., without
aerodynamic compensation, With compensation, this can be
reduced by at least 50 peroent. Using hydrostatic bearings,
the friction torque 1s negligible. Thus each drive provides
a 200 percent excess torque capacity at an acceleration of
@.2°/sec.2 and a velosity of 0.25°/sec, in & 60 mph wind.

This capability must Be balanced against the coupling
power dissipation under stall conditions., The torgque exci-
tation curve for the WCS«2l5 coupling is shown in Pigure (2),
As shown, each of the couplings in a drive unit should be
biased at about 35 percent of theif rated output to provide
& linear combined characteristic and adequate torque for
backlash compensation. Under stall conditions, this produces
a power dissipation of 55 HP per coupling and a total power
diseipation of 1550 HP for the 28 couplings used, The reduction
of this power dissipastion is one of our current objectives,

The response of an electromagnetic eoupling 1s determined
by two time delays, one assoclated with the excitation field
and one with the formation of eddy currents in the coupling

drum. Information avalilable concerning these time delays is
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quite limited., A coupling is belng connected to a laboratory
dynamometer to obtain experlimental data. Pending the results
of this study, it has been assumed that the fleld delay is
1.0 seconds and the eddy current delsy is 0,05 seconds on
the basis of general information,

In order to compensate for the field delay, the use of
a bistable field current feedback loop is proposed, The field
will be excited from a three phase unidirectional converter,
Trinistor Controlled Rectifler. The output voltage of the
converter can be switched from full positive to full negative
by changing the polarity of the input signal and provides
a fleld forcing factor of 500 percent of rated excitation,
A unit has been designed and built and 1s currently being
tested, Although RF nolse generation has not yet been measured,
1t has been found necessary to employ RC networks to attenuate
the slope of the voltage wavefronts to prevent faulty opsration
of sensitive electronic equipment in the vicinity of the
converter, ’

Using an operational amplifier as a voltage comparator,
a2 circuit feedback loop bistable frequency of 60 cycles/second
can be achieved as indicated by snalytical, computer, and
experimental studies, The small signal time delay associated
with the coupling fleld is reduced by this means to 0,0167
seconds and full excitation can be developed in 0,068 seconds.,
The eddy current time delay i1s outside of this loop,

The gearing is being designed for & natural frequency

of the drive of 12 cps with the asntenna axis locked, Combined
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with the dynamic characteristics of the antenna structure
1t 1s poasible to incorporate a veloclty feedback loop as
shown on Dwg. 825D91G having a bandwidth of 2,5 cps and an
Mp ratio of 1.0 db. to 1limit the effect of wind disturbances.
At the time of this report, complete computer results on the
magnitude of these effects wers not available,

The open loop tranafer function of the position loop
1s essentlally (1 ¢ tlp) / (sz)2 over the required bandwidth
using integral plus proportional control, To achleve mini-
mum positional errors resulting from veloclity and acceleration
inputs the system is adjusted so that Ty = Tp = (2w fe)"T,
where (f,) is the system bandwidth, The position signals
will be In digital form and the lntegral plus proportional
control will be accomplished by digital means. Required
saturation levels of the position and integrgl loops has
been studied for the cese of a ramp function input having
a scope of O.2O°/sec2 and a ceiling of O.25°/sec.2. For a
system bandwidth of 0,2 c¢cps, the saturation level of the
position level should be 0,1° and the saturation lavel of
the integral loop should be 0,18° seconds, If the bandwidth
1s reduced to 0,01 cpas, the former must be increased by a
factor of 20 and the latter by a factor of 400,

The capabiiity of the digital control in this regard
can be evaluated as follows:

Let the input error = & counts
The output from the decade divider unit
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To, w T2 x fo = Input pulse rate vs decade
1 'Tg“oo“' divider
£y = El f1 » X-tal pulse rate

K]

Ky = Bandwldth setting
The transfer function to the output of the divider =

1 . fl '3 l
. P 15600 L

If £1 = 1000 pps

this becomes = I.I
X1

Ky settings are 1, 2, hy, 8 and 16 giving an integrator
time constant of 1 = 16 and a bandwidth from 0,16 to 0,01 cps,
for example., However, in order to linearize the divider
output {the division gives non-uniform output spacing), a
further fixed division is introduced of 10-1l, To hold the
time constant of the device still from 1 - 16, the input
pulse rate is increased by 10-1l, This gives a crystal frequency
of 10 ke¢/s.

The integration constent = c x K; count secs, for.

1060
any maximum error signal,

A bandwidth of 16 and a counter capacity of 5000 with
1000 bits per depree from the smeoder gives 38,000 counts
secas. or 80° sec. bandwidth setting of 1 gives 5° sec., The
quantization erfects of the digital signals 1s being evaluated.

II. INSTRUMENTATION

Antenna position in terms of azimuth and elevatlion will
be expressed in digital form by using special encoders attached
to the antenna position sensing device on the ground reference

structure,
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All position command signals will be transformed to
an squivalent AZ<EL command in digital form.

A digital comparator 1s provided to genserate a digital
srror sirnal obtained by comparing the antenna axis position
with the digiiized position command signal.

The error signal is modified by an adjustable band width
control before being transformed to a linear anslog error
signal which actuates the servo drives on eech axis,

We have arrived at this concept after considering many
other configurations involving mlxed co-ordinate systems and
believe 1t has several definite advantages,

1. Keeping everything inside the loop in AZ-EL

co~ordinates greatly simplifies a signal flow
and minimizes equipment in criticel circuits,

2 The instrument mount on the ground reference

structure at the intersection of the antenna
axes 1s considerably simplified and consequently
seems more reliable,

Command Signal Generation

All input command functions will be transformed as
required to provide a corresponding digital command signal
in AZ-EL coe-ordinates, A revsesrsible Binary coded decimal
counter provides the position command intelligence to the
digital comparator for the "Slew", "Manual","Manual Rate",
and "Automatic Track" modes of operation,

a., Slew control is obtalned by generating pulses at

a rate proportional to the desired slew veloclty.

The slew pulses are injected into the reversible

counter so that the counter will count up or down
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depending on the direction of slew, and provide
a corresponding change in position command,

b, Manual positioning can be achieved by using the
slew control to set the antenna at the desired
position as determined from a decimal resdout
of the azimuth and elevation command position
contained in the reversible counter.

If desired incremental positioning can be obtained
by inJecting a slow pulse rate into the reversible
counter until the desired position 1s reached,

c. Automatic Track operation can be achieved by

converting the d-c voltage analog of position
error to a valrable pulse rate applied to the
reverszible counter reference. Polarity of the
tracking signal determines whather the pulses add
to or subtract from the count, and pulse rate would
be proportional to amplitude of tracking signal,

de Manual Rate (alded track) will be obtained by adding

an adjustaeble bias to the pulse rate controlled by
the Automatic Tracking sirnal, If such a bias were
set to provide the required tracking rate by itself
then the automatic tracdk sipmal would reduce to zero.
It is presumed that in the slavs mode, the commands
supplied on the 5 hole punched tape will be in celestial
co=-ordinates and time, Such 8 system provides a vniversal
frame of refsrence and alsoc greatly reduces the amount of
Information stored on the tape. One set of tape information

including Siderial Hour Angle (SHA) Declination (DECL) and
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time ié translated by a tape reader and put into memory
storage, Tape time 1dentification 1s compared with G.M.T,
and when time identity arrives the information in SHA and
DECL, memory is rsleased to serve as a position command for
antenna positioning,

Since SHA is in celestial c#wordinates it 1s necessary
to transform SHA to local hour angle (LHA) which 1s the angle
measured wast from the local zenith meridian. Such transe
formation from SHA to LHA 41s made by using & siderial clock
arranged to sive a digltel expression of local siderial time,
where 0 hours occurs when the 0 siderial hour clrcle 1s at
the local zenith., B8HA from the memory and siderial time
from the sideral clock are compared in the comparator
subtractor to pgive a dirital expression of LHA,

LHA and DECL sienals thus obtained are applled to a
co-or@iinate converter which transforms the LHA-DECL to
aquivalent signals in AZ<EL co-~ordinates which are then used
as position command signals.

Means will also be provided for setting SHA end declination
from i manual adjustment as well as from the tape.

An adjustable rate pulse generator will permit accurate
adjustment of declination rate over the ranre T 0,0004° per

sec, Likewlse pulses wlll be added to or subtracted from
the siderial time at such rates as tp permit t percent
adjustment on the siderlial rate,

Scan Function Generation

Elliptical spiral scanning can be attalned by electro-

mechanical generation of two sine functions expressed in both
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‘analog and digital form., One sine function will be super~

'imposed on the Azimuth ocommand and the other on elevation.

Rate of soanimwill be determined by adjusting frequenocy.
Ellipticity Qnd orientation of the elliptical axis can be
controlled by adjustment of the relative amplitudes and phase
of the sineﬁgenerators. Spiral can be obtalned by simultaneous
amplitude adjustment. Analog output of the scan generator
will be superimposed on the'manual rate (aided track) and
digital output will be superimposed on digitel AZ-EL commands
derived from Slave or Siderial mode commands.

The sawtooth scan generaﬁor may consist of two counters
one for each axis. By using reversible countérs, counting up

may correspond to scan and counting down to sl

Adjustable pulse rates applied to the counters determine
the scan rate, Adjusting to a preset count can determine the
maximum anéularexcnrsionof the scan. adjustment of relative
socan rates on the two axes will determine the orientation of
the resultant?scan pa%%ern.

Co-pordinate Converter

It is the function of the co-ordinate converter to transform
digital command signals in LHi and DECL co~-ordinated to the
equivalent AZ-EL co-ordinates and vice versa.

One possible method of obteining such co-ordinate conversion
i{s shown on the attached sketeh. Figure No. _3 . A model of
the unit is shown on photo No. ____

A two axis auto collimator attached to an equatorial (HD)
mount 18 aimed at a plane mirror on an »Z-EL instrument mount.

Similarly a two axis auto-collimator attached to the AZ=ZL
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mount is aimed &t a plane mirror on the H«D mount. This unit
is similar in construetion to the dual unit on top of the tower.

The H-D &nd AZ-%L instrument mcunts are so arranged mech~
enicelly as to\bermié cgﬁtinuous tracking of collimators and
mirrers over a hemisphefe.

Each axis of the two instrument mounts has attached to 1t
a servo drive motgr and a precision angle encoder capable of
0.001° resolution; When a command signal 1ﬁ 1H. and DECL

co-ordinates ig applled to the H-D instrument mount, instrument

servos drive the two axes of the mount to such a position that
the axls angles as measured by the encoders match the command,
As the H-D mount moves, the auto-collimator on the .Z-EL
| mount generates error signals which are red into the servo
drives on the two axe; of fhe AZ-EL mount. The AZ-EL mount
therefore, follows the H-D mount very closely and encoders on
the mount exis provide digital angle signals in .Z«EL co-ordinates,
The auto collimators are capable of detecting angular
errors of less than 1 second of arc and it is expected that
corresponding accuracy of follow-up ¢an be obtalned.
The process of transforming from AZ~EL t0 1LHa~DECL co-
ordinates is exactly the same in the revefse sense,
Further study 1is now being made to provide quantative
answers to the following problem areas encountered in this
co=-ordinate converter,
a, Yhat is the effect of the apparent degradation in gain
and response which ocours at the Zenith and polar regions?
b. What practical limitations #xist in regard to providing

instrument servos using the autocollimator error signal
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considering that overall error should be limited to
the region of 1-2 arc seconds at maximum operating
velocity and acceleration of the antenna?

C..0ther methods of co~ordinate conversions are being studied.
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